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TITLE OF INVENTION: POLYENE POLYKETIDES, PROCESSES FOR
THEIR PRODUCTION AND THEIR USE AS A PHARMACEUTICAL

RELATED APPLICATIONS:

[01] This application claims priority to U.S. Provisional Application
60/441,123 filed January 21, 2003; U.S. Provisional Application 60/494,568
filed August 13, 2003; U.S. Provisional Application 60/469,810 filed May 13,
2003; and U.S. Provisional 60/491,516 filed August 1, 2003.

FIELD OF INVENTION:

[02] This invention relates to a new class of polyene polyketides, their
pharmaceutically acceptable salts and derivatives, and to methods for their

" production. One method of obtaining these novel polyketides is by cultivation
of novel strains of Streptomyces aizunensis; another method involves
expression of the biosynthetic gene cluster of the invention in transformed
host cells. The compounds may also be produced by known strains of certain
bacteria. The invention also encompasses the novel strains of Streptomyces
aizunensis which produce these compounds, as well as the gene cluster
which directs the biosynthesis of these compounds. The invention also
includes the use of these novel polyketides and their pharmaceutically
acceptable salts and derivatives as pharmaceuticals, in particular, to their use
as inhibitors of fungal and bacterial cell growth, inhibitors of cancer cell growth
and for lowering serum cholesterol and other steroids. The invention also
encompasses pharmaceutical compositions comprising these novel

polyketides, or pharmaceutically acceptable salts or derivatives thereof.

BACKGROUND:

[03] Actinomycetes comprise a family of bacteria that are abundant in soil
and have generated significant commercial and scientific interest as a result of
the large number of therapeutically useful antibiotics, antifungals, anticancer
and cholesterol-lowering agents, produced as secondary metabolites by these

bacteria. Many actinomycetes, particularly those of the Streptomyces genus,
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have been extensively studied because of their ability to produce a notable
diversity of biologically active metabolites. The intensive search for new
natural products has led to the identification of new species of bacteria and
the creation of improved strains.

[04] Polyene polyketides are a group of natural products produced by
actinomycetes that have generated significant commercial interest. For
example Sakuda et al, 1996 J. of Chem. Soc., Perkin trans. 1, 2315-19; and
Sakuda et al., Tetrahedron Letters, Vol 35, No. 16, 2777-2789 (1995) disclose
the linear polyene linearmycin A produced by a Streptomyces sp. Sakuda et
al. report that linearmycin A has shown both antifungal and antibacterial

- activity. Pawlak et al. J of Antibiotics, Vol. XXXIlI No. 9, 989-997 disclose the

polyene macrolide lienomycin produced by Actinomyces
dia‘statochromogenes.‘ Pawlak et al. report that lienomycin has shown
antifungal, antibacterial and anti-tumor activity. Antifungal activity of polyene
macrolides has also been correlated with hyperchlesterolemic effect (C.P.
Schaffner, Polyene Microlides in Clinical Practice, in Macrolide Antibiotics:
Chemistry, biology and practice, S. Omura, ed. Academic Press (1984), p.
491; C.P. Schaffner and H.W. Gordon, Proc Natl. Acad. Sci. U.S.A. 61, 36
(1968)).
[05] Polyketides have carbon chain backbones formed of two-carbon units
through a series of condensations reactions and subsequent modifications.
Type | polyketides are synthesized in nature by modular polyketide synthase
(PKS) enzymes having a set of separate catalytic active sites for each cycle of
“carbon chain elongatio.n and modification. Because of the multimodular
nature of PKS proteins, much is known of the specificity and mechanism of
the biosynthesis of polyketides.
[06] - Although many biologically active compounds have been identified,
there remains the need to obtain novel naturally occurring compounds with
enhanced properties. Current methods of obtaining such compounds include
| screening of natural isolates and chemical modification of existing
compounds, both of which are costly and time consuming. Current screening
methods are based on general biological properties of the compound, which
require prior knowledge of the structure of the molecules. Methods for
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chemically modifying known active compounds exist, but still suffer from
practical limitations as to the type of‘compounds obtainable.

[07] Thus, there exists a considerable need to obtain pharmaceutically
active compounds in a cost-effective manner and with high yield. The present
invention solves these problems by providing improved strains of

, Sfreptomyces aizunensis capable of producing potent new therapeutic
compounds, as well as reagents (e.g. polynucleotides, vectors comprising the
polynucleotides and host cells comprising the vectors) and methods to
generéte novel compounds by de novo biosynthesis rather than by chemical
synthesis. '

SUMMARY OF THE INVENTION:
[08] The present invention encompasses compounds of Formula I:

w

CHz

'\/\/

)\Yg/ NN /Y\(

Formula |

and pharmaceutically acceptable salts thereof;
wherein, ' .
A is selected from the group consisting of -NR'R?, -N=CR'R?,
NR?2 o
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"R', R, R® and R* are each independently selected from the group
éonsisting of H, Cy.s alkyl, C..¢ alkenyl, Cz¢ cycloalkyl, C,.¢ heterocycloalkyl,
aryl, heteroaryl and amino acid, wherein said alkyl, alkenyl, aryl and heteroaryl
are optionally substituted with a'grbup selected from halogen, OH, NO,, NH;
or aryl, said aryl being optionally further substituted with one or more groups
' independently selected from halogen, OH, NO, or NH;;

R10

B is selected from ethehe-v1',2-diy_l‘or %J\%/ ;

’

wherein R™ is oxo or OR';

' wherein R'" is H or a heterocycloalkyl, the
heterocycloalkyl being optionally substituted with 1-4
substituents selected from OX, C;._s alkyl and -O-C(O)R,
wherein X is H or, when there are at least two
neighboring substituent groups that are OX, then the X
can be a bond such that the two neighboring oxygen
groups form a five-membered acetal ring of the formula:

o 0

| é g ; wherein R® and R® are each

independently selected from the group consisting of H,
C1-6 alkyl, and Co._7 alkenyl;

o

OH

D is selected from - d , -NR'#R'22 and OR',

wherein
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R'2 is selected from H and C1.s alkyl optionally substituted with 1
to 2 phenyl groupé, wherein the phenyl group is optionally
substituted with Cy.s alkyl or halo;
R'2and R'? are each indepedently selected from H, C1.¢ alkyl,
Cz.s alkenyl, Cs.¢ cycloalkyi, Co.¢ heterocycloalkyl, aryl, heteroaryl
and amino acid, wherein séid alkyl, alkenyl, aryl and heteroaryl
aré optionally subétitu_ted with a group selected from halogen,

~ OH, NO,, NH; or aryl, said aryl being optionally further
‘substituted with one or more groups independently selected
from halogen, OH, NO; or NHy; |

W'is ‘ :

X3 OX* OX5 OX®
W3is ;

' x12 x13
Weis % ;
X', X3 X3, x4, x5 X8 X7, X8 X% X'? and X'® are each independently
selected from H, -C(O)-R’ and a bond such that when any of two neighboring
X', X2 X3, X4, X5, X8, X7, X8, X%, X™?and X™is a bond then the two
neighboring oxygen atoms and their attached carbon atoms together form a

six-membered acetal ring of the formula:
' RS RS ‘

~ R®, R® and R’ are each independently selected from H, C1.g alkyl,

Co.7 alkenyl;
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YL Y2 Y3 Y4 YR YE Y YR, YT, Y Y2 ¥18 and Y'®are each
- independently selected from the group consisting of ethene-1,2-diyl,

* ethane-1,2-diyl and \gl>% ; wherein said ethene-1,2-diyl and

ethane-1,2-diyl groups are optionally substituted with a methyl
group;
o) (0]
Z is selected from OH, NHR®, PX(' and when the dotted line
is a bond then Z is oxo, or NR®;

" R8is selected from H, C1.¢ alkyl, C2.¢ alkenyl;
R®is Cy.¢ alkyl optionally substituted with aryl.

[09] The invention is also directed to the Compound 2(a), a linear
glycosylated polyketide with an amidohydroxycyclopentenone component,
and pharmaceutically acceptable salts thereof:

OH

HO. OH
OH OH OH OH OH OH H OH OH O 0" CH, OH OH H
HN : § ~ I

NIRRT x XTI
CH, ) CH; CH,3

'Compound 2(a)

[010] The systematic name for Compound 2(a) has been determined to be:
56-Amino-15,17,33,35,37,41,43,45,47,51,53-undecahydroxy-14,16,30-
trimethyl-31-0x0-29-(3,4,5-trihydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-
hexapentaconta-2,4,6,8,12,18,20,22,24,26,38,48-dodecaenoic acid (2-
hydroxy-5-oxo-cyclopent-1-enyl)-amide.

[011] The invention encompasses pharmaceutical compositions of
compounds of Formula | comprising, a thefapeutically effective amount of the
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compound of Formula | or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. In particular, the invention is directed to
pharmaceutical compositions of compound 2(a) comprising, a therapeutically
effective amount of the cdmpound 2(a) or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier.

[012] The present invention is also directed to methods for producing the
compound 2(a) and related compounds, including compounds of Formula |
and Formula Il as defined herein. Such methods comprise the steps of
cultivating cells derived from a Streptomyces aizunensis strain, incubating
said cultured cells aerobically in a growth medium for such time as is required
for production of the desired compound, extracting said medium with a solvent
such as methanol or ethanol and purifying the compound from the crude
extract. The Streptomyces aizunensis strain which may be used in the
methods of the invention may be NRRL B-11277 or a mutant thereof. A
preferred strain of Streptomyces aizunensis useful in the methods of the
invention is a mutant strain identified as [C03]023 (deposit accession number
IDAC 070803-1); a most preferred strain of Sfreptomyces aizunensis useful in
the methods of the invention is a mutant strain identified as [C03U03]023
(deposit accession number IDAC 231203-02). The invention also
encompasses the Streptomyces aizunensis strains identified by deposit
accession numbers IDAC 070803-1 and IDAC 231203-02.

[013] The invention also includes methods of inhibiting fungal cell growth,
which comprise contacting a fungal cell with a compound of Formula |, a
compound of Formula |l or.compound 2(a), or a pharmaceutically acceptable
salt thereof. In addition, the invention encompasses methods for treating a
fungal infection in a mammal, which comprise administering to a mammal
suffering from such an infection, a therapeutically effective amount of a
compound of Formula |, a compound of Formula Il or compound 2(a), or a

- pharmaceutically acceptable salt thereof. The methods of the invention are
particularly useful for treating fungal infections or inhibiting the growth of
fungal cells in mammals ‘caused by Candida albicans. The invention also

. encompasses methods for treating or inhibiting other types of fungal infections
in a subject, wherein said fungal infections include those caused by Candida
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-Sp. such as AC. g/abrata", C. lusitaniae C. parapsilosis, C. krusei, C. tropicalis,
S. cerevisiae; Aspergillus sp. such as A. fumigatus, A. niger, A. terreus, A.
flavus; Fuéarium sSpp.; Scedospbrium spp.; Cryptococcus spp.; Mucor ssp.;
Histoplasma spp. ; Trichosporon spp.; and Blaspomyces spp. Such methods
comprise administering to a subject suffering from the fungal infection, a
therapeutically effective afno_unt of a compound of Formula I, Formula Il or
compound 2(a), or a pharmaceutically acceptable salt thereof.

[014] The invention also provides methods of inhibiting cancer cell growth,
which comprise contacting said cancer cell with a compound of Formula |,
Formula Il or compound 2(a), or a pharmaceutically 'acceptable salt thereof.
The invention further enéompasses methods for treating cancer in a subject,
comprising administering to said subject suffering from said cancer, a
therapeutically effective amount of a compound of Formula |, Formula Il or
compound 2(a) or a pharmaée‘utically acceptable sait thereof. Examples of
cancers that méy be treated or inhibited according to the methods of the
invention include leukemia, non-small cell lung cancer, colon cancer, CNS
cancer, melanoma, ovarian cancer, rénal cancer, prostate cancer and breast
cancer. | . _

[015] The present invention alsgj provides the biosynthetic locus from
Streptomyces aizunensis (NRRL B-11277) which biosynthetic locus is
responsible for producing the compound of Formula 2(a). Streptomyces
aizunensis was not previously reported to produce Compound 2(a). We have
now diécove'red, in the Streptomyces aizunensis genome, the gene cluster
responsible for the production of the Compound 2(a). Thus the invention
provides polynucleotides and polypeptides useful in the production and
engineering of compou.nds'of 'Form'ula I and Compound 2(a). The invention
also provides chemical modifications of compounds of Formula | and

‘Compound 2(a). _'

'[016] Inone aSpect, the invention relates to the biosynthetic locus for
prod'uction ofa polyketide of Formula | and provides, in one embodiment, an
isolated, pufiﬁed or enriched nucleic acid for production of a polyketide of
Formula | comprising a nucleic acid encoding at least one domain of the
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polyketide synthase system formed by the polyketide synthases of SEQ ID
NOS: 21, 23, 25, 27, 29, 31, 33, 35 and 37.

[017] In a further embodiment, the nucleic acid encodes one or more
domains of the polyketide synthase of SEQ ID NO: 21 and comprises a
nucleic acid selected frc_jm the group consisting of: a) SEQ ID NO: 22; b) the
. nucleic acid of residues‘169-354 of SEQ ID NO: 22, the nucleic acid of
residues 421-1698 of SEQ ID NO: 22, the nucleic acid of residues 1789-3093
of SEQ ID NO: 22, the nucleic acid of residues 3910-4551 of SEQ ID NO: 22,
‘the nucleic acid of residues 4807-4992 of SEQ ID NO: 22, the nucleic acid of
residues 5068-6354 of SEQ ID NO: 22, the nucleic acid of residues 6403-
7686 of SEQ ID NO: 22, the nucleic acid of residues 8497-9135 of SEQ ID
NO: 22, the nucleic acid of residues 9388-9573 of SEQ ID NO: 22, the nucleic

" acid of r'esidues 9643-10920 of SEQ ID NO: 22, the nucleic acid of residues
10978-12267 of SEQ ID NO: 22, the nucleic acid of residues 12304-12624 of

SEQ ID NO: 22, the nucleic acid of residues 13834-14487 of SEQ ID NO: 22,

-the nucleic acid of residues 14731-14916 of SEQ ID NO: 22, the nucleic acid

of residues 15019-16314 of SEQ ID NO: 22, the nucleic acid of residues

16378-17649 of SEQ ID NO: 22, the nucleic acid of residues 18439-19080 of

~ SEQ ID NO: 22, the nucleic acid of residues 19330-19515 of SEQ ID NO: 22,

the nucleic acid of résidues 19585-20862 of SEQ ID NO: 22, the nucleic acid

of residues 20935-22206 of SEQ ID NO: 22, the nucleic acid of residues
23107-23754 of SEQ ID NO: 22, the nucleic acid of residues 24004-24189 of
| SEQID NO: 22;c) a nucleic acid having at least 80% identity to a nucleic acid

" of a) or b); and d)'a nucleic acid complementary to a nucleic acid of a), b) or

0. o A |

- [018] In another embodiment the nucleic acid encodes one or more domains
of the polyketide synthase of SEQ ID NO: 23 and comprises a nucleic acid
selected from the group consistihg of: a) SEQ ID NO: 24; b) the nucleic acid of
residues 109-1386 of SEQ ID NO: 24, the nucleic acid of residues 1477-2757
of SEQ ID NO: 24, the nucleic acid of residues 2794-3114 of SEQ ID NO: 24,

“the nucleic acid of residues 4231-4881 of SEQ ID NO: 24, the nucleic acid of
residues 5116-5301 of SEQ ID NO: 24, the nucleic acid of residues 5380-
6645 of SEQ ID NO: 24, the nUcIeic acid of residues 6694-7977 of SEQ ID
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NO: 24, the nucleic acid of residues 8878-9519 of SEQ ID NO: 24, the nucleic
acid of residue's 9772-9957 of SEQ ID NO: 24; c) a nucleic acid having at
Ieasi 80% identity to a nucleic acid of a) or b); 'énd d) a nucleic acid
complementary to a nucléic acid of a), b) or ¢).

[019] In another embodiment the nucleic acid encodes one or more domains
of the polyketide synthase of SEQ ID NO: 25 and comprises a nucleic acid

- selected from the group consisting of: a) SEQ ID NO: 26; b) the nucleic acid of
residues 106-1383 of SEQ ID NO: 26, the nucleic acid of residues 1447-2721
of SEQ ID' NO: 26, the nucleic acid of residues 2755-3081 of SEQ ID NO: 26,
the nucleic acid of residues 4315-4965 of SEQ ID NO: 26, the nucleic acid of
residues 5206-5391 of SEQ ID NO: 26, the nucleic acid of residues 5491-
6768 of SEQ ID NO: 26, the nucleic acid of residues 6841-8142 of SEQ ID
NO: 26, the nucleic acid of residues 8941-9582 of SEQ ID NO: 26, the nucleic
acid of residues 9832-10017 of SEQ ID NO: 26, the nucleic acid of residues
10081-11358 of SEQ ID NO: 26, the nucleic acid of residues 11407-12675 of
SEQID NO: 26, the nucleic acid of residues 13480-14118 of SEQ ID NO: 26,
the nucleic acid of residues 14383_-14568 of SEQ ID NO: 26, the nucleic acid
of residues 14638-15912 of SEQ ID NO: 26, the nucleic acid of residues
15967-17244 of SEQ ID NO: 26, the nucleic acid of residues 17278-17598 of
SEQ_ ID NO: 28, the nucleic acid of residues 18880-19530 of SEQ ID NO: 26,
the nucleic acid of residues 19795-19980 of SEQ ID NO: 26; ¢) a nucleic acid
having at least 80% identify to a nucleic acid of a) or b); and d) a nucleic acid
complementary to a nucleic acid of a), b) or c).

[020] In another embodiment the nucleic acid encodes one or more domains
of the polyketide synthase of SEQ’ ID NO: 27 and comprises a nucleic acid
selected from fhe group consisting of: a) SEQ 1D NO: 28; b) the nucleic acid of
residues 103-1380 of SEQ ID NO: 28, the nucleic acid of residues 1450-2760
of SEQ ID NO: 28, the nucleic acid of residues 3583-4218 of SEQ ID NO: 28,
the nucleic acid of residues 4468-4653 of SEQ ID NO: 28; c) a nucleic acid

~ having at least 80% identity to a nucleic acid of a) or b); and d) a nucleic acid
complementéry to a nucleic acid of a), b) or c¢).

[021] In another embodiment the nucleic acid encodes one or more domains
of the polyketide synthase of SEQ ID NO: 29 and comprises a nucleic acid

10
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selected from the group consisting of: a) SEQ ID NO: 30; b) the nucleic acid of
residues 103-1380 of SEQ ID NO: 30, the nucleic acid of residues 1459-2754
of SEQ ID NO: 30, the nuclelc acid of residues 3655-4293 of SEQ ID NO: 30,
the nucleic acid of residues 4540-4725 of SEQ ID NO: 30, the nucleic acid of
residues 4804-6081 of SEQ iD NO: 30, the nucleic acid of residues 6136-
7419 of SEQ ID NO: 30, the nucleic acid of residues 7456-7776 of SEQ ID

- NO: 30, the nucleic acid of residues 8938-9588 of SEQ ID NO: 30, the nucleic
acid of residues 9832-10017 of SEQ ID NO: 30, the nucleic acid of residues
10087-11364 of SEQ ID NO: 30, the nucleic acid of residues 11428-12711 of
SEQ ID NO: 30, the nucleic acid of residues 12745-13065 of SEQ ID NO: 30,
fhe nucleic acid of residues 1_4278-14928 of SEQ ID NO: 30, the nucleic acid
of residues 15187-15372 o‘f‘SEQ ID NO: 30; ¢) a'n'ucleic acid having at least
80% identity to a nucleic acid of a) or b); and d) a nucleic acid complementary
to a nucleic acid of a), b) or c). ' ‘
[022] In another embodiment the nucleic acid encodes one or more domains
of the polyketide synthase of SEQ ID NO: 31 and comprises a nucleic acid
selected from the group cohsisting of: a) SEQ ID NO: 32; b) the nucleic acid of
residues 10_3-1380 of SEQ ID NO: 32, the riucleic{acid of residues 1438-2742
of SEQ ID NO: 32, the nucleic acid of residues 2776-3096 of SEQ ID NO: 32,
the nucleic acid of residués 4267 4917 of SEQ ID NO: 32, the nucleic acid of
residues 5209-5394 of SEQID NO 32, the nucleic acid of residues 5464-
6741 of SEQ ID NO: 32 the nucleic acid of résidues 6787-8070 of SEQ ID
NO: 32, the nucleic acid of residues 8107- 8427 of SEQ ID NO: 32, the nucleic
acid of residues 9562 10212 of SEQ ID NO: 32 the nucleic acid of residues
"10447 10632 of SEQ ID NO: 32 the nuclelc acid of residues 10702-11979 of
SEQ ID NQ. 32, the nucleic acid of residues 12049-13326 of SEQ ID NO: 32,
the nucleic acid of residues 13366-13686 of SEQ ID NO: 32, the nucleic acid

: of residues 14932-15582 of SEQ ID NO: 32, the nucleic acid of residues '
15853—16038 of SEQ ID NO: 32; ¢) a nucleic acid having at least 80% identity
to a nucleic acid of a) or b); and d) a nucleic acid complementary to a nucleic
acid of a) b) or C).

[023] In another embddiment the nucleic acid enc;odes one or more domains
of the polyketide synthase of SEQ ID NO: 33 and cdmprises a nucleic acid

1
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selected from the group consisting of: a) SEQ ID NO: 34; b) the nucleic acid of
residues 103-1380 of SEQ ID NO: 34, the nucleic acid of residues 1441-2751
of SEQ ID NO: 34, the nucleic acid of residues 3613-4248 of SEQ ID NO: 34,
the nucleic acid of residues 4498-4683 of SEQ ID NO: 34, the nucleic acid of
residues 4753-6030 of SEQ ID NO: 34, the nucleic acid of residues 6199-
7515 of SEQ ID NO: 34, the nucleic acid of residues 8356-8994 of SEQ ID
NO: 34, the nucleic acid of residues 9247-9432 of SEQ ID NO: 34; ¢) a
nucleic acid having at least 80% identity to a nucleic acid of a) or b); and d) a
nucleic acid complementary to a nucleic acid of a), b) or c).

[024] in another embodiment the nucleic acid encodes one or more domains
of the pol'yketide synthase of SEQ ID NO: 35 and 4comprises a nucleic acid
'selected from the group cénsisting of: a) SED ID NO: 36; b) the nucleic acid of
residues 118-1395 of SEQ ID NO: 36, the nucleic acid of residues 1507-2823
of SEQ ID NO: 36, the nucleic acid of residues 2860-3180 of SEQ ID NO: 36,
" the nucleic acid of residues 4366-5016 of SEQ ID NO: 36, the nucleic acid of
residues 5251-5436 of SEQ ID NO: 36, the nucleic acid of residues 5503-
6780 of SEQ ID NO: 36, the nucleic acid of residues 6841-8154 of SEQ ID
NO: 36, the nucleic acid of residues 8191-8511 of SEQ ID NO: 36, the nucleic
- acid of residues 9562-10638 of SEQ ID NO: 36, the nucleic acid of residues
10651-11301 of SEQ ID NO: 36, the nucleic acid of residues 11536-11721 of
'SEQ ID NO: 36, the nucleic acid of residues 11794-13071 of SEQ ID NO: 36,
the nucleic acid of residues 13117-14409 of SEQ ID NO: 36, the nucleic acid
of residues 14443-14763 of SEQ ID NO: 36, the nucleic acid of residues
15898-16548 of SEQ ID NO: 36, the nucleic acid of residues 16789-16974 of
SEQ ID NO: 38, the nucleic acid of residues 17056-18333 of SEQ ID NO: 36,
the nucleic acid of residues 18391-19671 of SEQ ID NO: 36, the nucleic acid
of residues 19714-20034 of SEQ ID NO: 36, the nucleic acid of residues

' 21184-21834 of SEQ ID NO: 36, the nucleic acid of residues 22087-22272 of
SEQ ID NO: 36; c) a nucleic acid having at least 80% identity to a nucleic acid
of a) or b); and d) a nucleic acid complementary to a nucleic acid of a), b) or
c).

[025] In another embodiment the nucleic acid encodes one or more domains
of the polyketide synthase of SEQ ID NO: 37 and comprises a nucleic acid

12
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' selected from the group consnstmg of: a) SEQ ID NO: 38; b) the nucleic acid of
residues 100-1377 of SEQ ID NO: 38, the nucleic acid of residues 1504-2778
of SEQ ID NO: 38, the nuicleic acid of residues 2812-3132 of SEQ ID NO: 38,
the nucleic acid of residues 4258-4908 of SEQ ID NO: 38, the nucleic acid of
residues 5143-5328 of SEQ ID NO: 38, the nucleic acid of residues 5395-
6672 of SEQ ID NO: 38, the nucleic acid of residues 6739-8019 of SEQ ID
NO: 38, the nuclelc acid of resndues 8056- 8376 of SEQ ID NO: 38, the nucleic
acid of residues 9607- 10257 of SEQ ID NO: 38, the nucleic acid of residues
10537-10722 of SEQ ID NO: 38, the nucleic aC|d_of residues 10945-11616 of
SEQ ID NO: 38; ¢) a nucleic acid ha\)ing at least 80% identical to a nucleic
acid of a) or b); and d) a nucleic acid complementafy to a nucleic acid of a), b)
or ¢). | o
[026] The invention'also provid'es nucleic acids involved in the biosynthesis
of a polyketide of Formula | other than those encodi‘ng a domain of the
polyketide synthase system. In this embodiment, the invention provides an
isol{a_te‘d, purified or enriched nuéleic acid selected from the group consisting
of: a) a nucleic acid of SEQ ID NOS: 3,5, 7,9, 11, 13, 15, 17, 20, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76 and 78;b) a
nucleic acid encoding a polypeptide of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16,
19, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 71, 73, 75 and
77 c) a nucleic acid _havihg at least 75% identity to a nucleic acid of (a) or (b);
éhd d) a ‘nu'cl_eic acid cbmplemen_tary to a nucleic acid of (a), (b) or (c).
[027] _Thé'inve'ntion further provides a nucleic 'acid that is hybridizable under
stringent conditions to any one of thé above nucleid acids and is substitutable
for the nucleic acid to whibh it speciﬁcallly hybridizes to direct the synthesis of
a compound of Formula I. The invention further prowdes an isolated, purified
or enriched nucleic acid compnsmg the sequence of at least two, preferably
three more preferably flve still more preferably 7 or more of the above |
nucleic acids. .
| [028] The invention further provides an expression vector comprising any of
the above nucleic acids. The inventioh further provides a host cell
transformed with such an expression vector.

13
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'[029] In a further aspect, the invention provides a gene cluster for production
“ofa botyketide of Fermula l.. In one embodiment, the gene cluster may
.'C'ompris’e at least ten, preferably twelve, more preferably fifteen, still more
preferably twenty or more of the above nucleic acids. In a further
embodlment the gene cIuster may include the nucleic acids of a cosmid
selected from the cosmids deposrted under IDAC accession nos. 250203-01,
- 250203-02, 250203-03, 250203-04, and 250203-05. In a further embodiment,
the deposited cosmids are inserted into a prokaryotic host for expressing a
preduct. The host may be E. coli, Streptomyces lividans, Streptomyces
griseofuecue, Streptomyces ah’vbofaciens, another species of Actinomycetes,
6r bacteria of the genus Bacillus, Corynebacteria, or Thermoactinomyces. In
| a further embodiment, the mventron provides a nuclelc acid which hybridizes
under stnngent hybndrzatlon condrtrons to the nuclelc acids of the deposited
cosmids and which encodes at least one protein involved in the biosynthesis
. ofa pelyene ponketide. In a further embodiment, the invention provides the
isolated gene'cluste'r from Streptomyces aizunensis ehcoding the biosynthetic
pathway for the formation of‘ compound 2(a), wherein said isolated gene
cluster is the gene cluster formed by the deposited cosmids.
[030] In another aspect, the |nvent|on relates to an isolated polypeptide for
. p_rodl_Jctlon of a polyketide of Formula I, and provides, in one embodiment, an
amino acid sequence of a polyketide synthase domain of SEQ ID NO: 21,
' SEQ D NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID
NO: 31, SEQ ID NO: 33, SEQ ID NO: 35 and SEQ ID NO: 37. The domain
may be a B-ketoacy! synthase (KS) domain, an acyl carrier protein (ACP)
domain, an acyl transferase (AT) domaln a ketoreductase (KR) domain, an
enoyl reductase (ER) domain, a thioesterase (TE) domain or a dehydratase
(DH) domain. In one embodiment, the domain is a KS domain and the amino
. acid comprises a sequence selected from the group consisting of the amino
acid of residues 141 to 566 of SEQ ID NO: 21, residues 1690 to 2118 of SEQ
D NO:'V2,1, residues 3215 to 3640 of SEQ ID NO: 21, residues 5007 to 5438
- of SEQ ID NO: 21, residues 6529 to 6954 of SEQ ID NO: 21, residues 37 to
462 of SEQ ID NO: 23, residues 1794 to 2215 of SEQ ID NO: 23, residues 36
to 461 of SEQ ID NO: 25, residues 1831 to 2256 of SEQ ID NO: 25, residues
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3361 to 3786 of SEQ ID NO: 25, residues 4880 to 5304 of SEQ ID NO: 25,
residues 35 to 460 of SEQ ID NO: 27, residues 35 to 460 of SEQ ID NO: 29,
residues 1602 to 2027 of SEQ ID NO: 29, residues 3363 to 3788 of SEQ ID
NO: 29, residues 35 to 460 of SEQ ID NO: 31, residues 1822 to 2247 of SEQ
ID NO: 31, residues 3568 to 3993 of SEQ ID NO: 31, residues 35 to 460 of
SEQ ID NO: 33, residues 1585 to 2010 of SEQ ID NO: 33, residues 40 to 465
of SEQ ID NO: 35, residues 1835 to 2260 of SEQ 1D NO: 35, residues 3932 to
4357 of SEQ ID NO: 35, residues 5686 to 6111 of SEQ ID NO: 35, residues
34 to 459 of SEQ ID NO: 37, residues 1799 to 2224 of SEQ ID NO: 37; and
amino acid sequence having at least 75% identity to any one of the above
amino acid residues. _
[031] In another embodiment, the domain is an ACP domain and the amino
. acid comprises a éequénce selected from the group consisting of the amino
acid of: residues 57 to 118 of SEQ ID NO: 21, residues 1603 to 1664 of SEQ
ID NO: 21, residues 3130 to 3191 of SEQ ID NO: 21, residues 4911 to 4972
of SEQ ID NO: 21, residues 6444 to 6505 of SEQ ID NO: 21, residues 8002 to
8063 of SEQ ID NO: 21, residues 1706 to 1767 of SEQ ID NO: 23, residues
3258 to 3319 of SEQ ID NO: 23, residues 1736 to 1797 of SEQ ID NO: 25,
residues 3278 to 3339 of SEQ ID NO: 25, residues 4795 to 4856 of SEQ ID
NO: 25, residues 6599 to 6660 of SEQ ID NO: 25, residues 1490 to 1551 of
SEQ ID NO: 27, residues 1514 to 1575 of SEQ ID NO: 29, residues 3278 to
3339 of SEQ ID NO: 29, residues 5060 to 5124 of SEQ ID NO: 29, residues
1737 to 1798 of SEQ ID NO: 31, residues 3483 to 3544 of SEQ ID NO: 31,
 residues 5285 to 5346 of SEQ ID NO: 31, residues 1500 to 1561 of SEQ ID
NO: 33, residues 3083 to 3144 of SEQ ID NO: 33, residues 1751 to 1812 of
SEQ ID NO: 35, residues 3846 to 3907 of SEQ ID NO: 35, residues 5597 to
5658 of SEQ ID NO: 35, residues 7363 to 7424 of SEQ ID NO: 35, residues
1715 to 1776 of SEQ ID NO: 37, residues 3513 to 3574 of SEQ ID NO: 37,
an‘d an amino acid sequence having at least 75% identity to any one of the
above amino acid residues. - _
-[032] In another embodiment, the domain is a AT domain and the amino acid
- comprises a sequence selected from the group consisting of the amino acid
of: residues 597 to 1013 of SEQ ID NO: 21, residues 2135 to 2562 of SEQ ID
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NO: 21, residues 3660 to 4089 of SEQ ID NO: 21, residues 5460 to 5883 of
. SEQ ID NO: 21, residues 6979 to 7402 of SEQ ID NO: 21, residues 493 to
919 of SEQ ID NO: 23, residues 2232 to 2659 of SEQ ID NO: 23, residues
483 10 907 of SEQ ID NO: 25, residues 2281 to 2714 of SEQ ID NO: 25,
residues 3803 to 4225 of SEQ ID NO: 25, residues 5323 to 5748 of SEQ ID
NO: 25, résidues 484 to 920 of SEQ ID NO: 27, residues 487 to 918 of SEQ
ID NO: 29, residues 2046 to 2473 of SEQ ID NO: 29, residues 3810 to 4237
of SEQ ID NO: 29, residues 480 to 914 of SEQ ID NO: 31, residues 2263 to
2690 of SEQ ID NO: 31, residues 4017 to 4442 of SEQ ID NO: 31, residues
481 to 917 of SEQ ID NO: 33, rés‘idues 2067 to 2505 of SEQ ID NO: 33,
residues 503 to 941 of SEQ ID NO: '35, residues 2281 to 2718 of SEQ ID NO:
35‘, residues 4373 to 4803 of SEQ I.D NO: 35, residues 6131 to 6557 of SEQ
ID NO: 35, residues 502 to 926 of SEQ ID NO: 37, residues 2247 to 2673 of
SEQ ID NO: 37; ahld an amino acid sequence having at least 75% identity to
any one of the above amino acid residues.
[033] In another embodiment, the domain is a KR domain and the amino acid
comprises a seqdence selected from the group cbnsisting of the amino acid
of: residues 1304 to 1517 of SEQ ID NO: 21, residues 2833 to 3045 of SEQ
~ ID NO: 21, residues 4612 to 4829 of SEQ ID NO: 21, residues 6147 to 6360
- of SEQ ID NO: 21, residues 7703 to 7918 of SEQ ID NO: 21, residues 1411 to
1627 of SEQ ID NO: 23, residues 2960 to 3173 of SEQ ID NO: 23, residues
1439 to 1655 of SEQ ID NO: 25, residues 2981 to 3194 of SEQ ID NO: 25,
residues 4494 to 4706 of SEQ ID NO: 25, residues 6294 to 6510 of SEQ ID
NO: 25, residues 1195 to 1406 of SEQ ID NO: 27, residues 1219 to 1431 of
- SEQ ID NO: 29, residues 2980 to _3196 of SEQ ID NO: 29, residues 4760 to
4976 of SEQ ID NO: 29, residues 1423 to 1639 of SEQ ID NO: 31, residues
31 88 to 3404 of SEQ ID NO: 31, residues 4978 to 5194 of SEQ ID NO: 31,
residdes 1205 to 1416 of SEQ ID NO: 33, residues 2786 to 2998 of SEQ ID
NO: 33, residues 1456 to 1672 of SEQ ID NO: 35, residues 3551 to 3767 of
SEQ ID NO: 35, residues 5300 to 5516 of SEQ ID NO: 35, residues 7062 to
7288 of SEQ ID NO: 35, residues 1420 to 1636 of SEQ ID NO: 37, residues
3203 to 3419 of SEQ ID NO: 37; and an amino acid sequence having at least
75% identity to any one of the above amino acid residues.
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[034] In another embodiment, the domain is a DH domain and the amino acid
¢0mprisés a sequence selec‘téd from the group consisting of the amino acid
of: residues 4102 to 4208 of SEQ ID NO: 21, residues 932 to 1038 of SEQ ID
'NO: 23, residues 919 to 1027 of SEQ ID NO: 25, residues 5761 to 5866 of
SEQ ID NO: 25, residues 2486 to 2592 of SEQ ID NO: 29, residues 4249-
4355 of SEQ ID NO: 29 residu'es'926 to 1032 of SEQ ID NO: 31, residues
2703 to 2809 of SEQ ID.NO: 31, residues 4456 to 4562 of SEQ ID NO: 31,
residues 954 to 1060 of SEQ ID NO: 35, residues 2731 to 2837 of SEQ ID
NO: 35, residues 4815 to 4921 of SEQ ID NO: 35, residues 6572 to 6678 of
SEQ ID NO: 35, residues 938 to 1044 of SEQ ID NO: 37; residues 2686 to
2792 of SEQ ID NO: 37; and an amino acid sequence having at least 75%
ldentlty to any one of the above amino acid residues.

[035] In another embodlment the domain is an ER domain and the amino
acid comprises a sequence selected from the group consisting of the amino
é.cid of: residues 3188 to 3546 of SEQ ID NO: 35 and any amino acid
A sequence having at least 75% identity to residues 3188 to 3546 of SEQ ID
NO: 35. | |
[036] In another embodiment, the domain is an TE domain and the amino
acid comprises a sequence selected from the group consisting of the amino
acid of: residues 3649 to 3872 of SEQ 1D NO: 37, and any amino acid
sequence having at least 75% identity to residues 3649 to 3872 of SEQ ID
NO: 37. - |

[037] In another embodlment the invention provides a polypeptide involved
in the blosyntheSIs of a polyketide of Formula | other than a polypeptide
‘ encoding a domain of the polyketide synthase sys{em of the invention. In this
embodiment, the invention provides an isolated polypeptide for the production
of a polyketide of Formula | selected from the group consisting of: a) SEQ ID
NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59,
61, 63, 65, 67, 69, 71, 73, 75 and 77; and b) a polypeptide which is at least
75% identical to SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 39, 41, 43, 45, 47,
49, 51,53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75 and 77.
[038] In another aspect, the invention provides a method of making a
polypeptide having a sequence selected from the group consisting of SEQ ID
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NOS: 2, 4, 6, 8, 10, 12, 14,'16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,
43, 45, 47, 49, 51 , 53, 55, 567, 59, 61, 63, 65, 67, 69, 71, 73, 75 and 77
comprising the steps of: (a) int_roducing a nucleic acid encoding said
polypeptide, said nucleic acid' being'opefably linked to a promoter, into a
bacterial host cell; and (b) culturiﬁg the transformed host cell under conditions
which result in the exp‘r_es.sion of the polypeptide.

[039] In another aspect the. invention is drawn to a method for increasing the
yield of the polyketides of the invention dsing the deposited cosmids of the
nucleic acids described above, said method comprising the steps of
transforming a prokaryotic host with cosmids or nucleic acids and culturing the
transformed prokaryotic host undér conditions which result in the expression
_of the polyketide. '

BRIEF DESCRIPTION OF THE DRAWINGS
" '[040] Flgure 1: D|agram of the biosynthetic locus for compound 2(a) from

Streptomyces aizunensis. Also indicated are the positions of cosmids

dépositedunder IIDAC accession numbers 250203-01, 250203-02, 250203-

- 03, 250203-04 and 250203-05, which span the locus of compound 2(a).
[041] FigUre 2a-d: Multiple amino acid alignment comparing the 26 KS
domains present in the polyketide synthase (PKS) for compound 2(a) (ORFs
10 to 18). The boundaries and key residues (hlghllghted in black) of the KS
domains were chosen as descnbed by Kakavas et al., J. Bacteriol. 179, 7515-
7522 (1997).

[042] Figure 3a-d: Multiple amino acid alignment comparing the 26 AT
‘domains present in the compound 2(a) PKS (ORFs 10 to 18). The boundaries
~ and key residues (highlighted in'black) of the AT domains were chosen as
described by Kakavas et al., supra.

[043] Figure 4: Muiltiple amino acid alignment comparing the 15 DH domains
present in the compound 2(a) PKS (ORFs 10, 11, 12, 14, 15, 17 and 18). The
boundaries and key residues (highvlighte'd in black) of the DH domains were
chosen as described by Kakavas et al. supra. The inactive DH domains are
hlghhghted
[044] Figure 5: Amino aC|d alignment comparing the ER domaln present in
the compound 2(a) PKS (ORF 17) with the ER domains from modules 5 and
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is in:the nystatin biosynthetic locus as described by Brautaset et al., Chem.
Biol., 7, 395-403 (2000). The boundaries and key :re's'idues (highlighted in
black) of the ER domain were chosen as described by Kakavas et al. supra.
[045] Figure 6a and 6b: Multiple amino acid alignment comparing the 26 KR
domains present in the corhpound 2(a) PKS (ORFs 10 to 18). The boundaries
and key residues (highlighted in black) of the KR domains were chosen as
described by Kakavas et al. supra, and Fisher et al. Structure Fold Des. 8,
339-347 (2060). The inactive KR domain found in ORF 13/module 12 is
highlighted. -
[046] Figure 7: Multiple amino acid alignment comparing the 27 ACP
domains present in the c_ompound 2(a) PKS (ORFs 10 to 18). The boundaries
and key serine residues (highlighted in black) of the ACP domains were
chosen as described by Kakavas et al. supra.
[047] Figure 8: Amino acid alignment comparing the TE domain present in
the cdmpound 2(a) PKS (ORF 18) with the TE dorhain from module 7 in the
nystatin biosynthetic locus as described by Brautaset et al. supra. The
boundaries and key residues (highlighted in black) of the ER domain were
chosen as described by Kakavas et al. supra.
[048] In each of the clustal alignments (Figs 2 to 8) a line below the
alighment is used to mark strongly conserved positions. In addition, three
characters, namely * (asterisk), : (colon) and . (period) are used, wherein “*”
indicates pésitions whit;h have a é_ingl_e, fully conserved residue; “” indicates
that one of the following strong groups is fully conserved: STA, NEQK, NHQK,
NDEQ, QHRK, MILV, MILF, HY, and FYW; and “.” indicates that one of the

~ following weaker groups is fully conserved: CSA, ATV, SAG, STNK, STPA,
- SGND, SNDEQK, NDEQHK, NEQHRK, FVLIM, and HFY.
[049] 'Figure 9: Phylogenetic ahalysis of the 26 AT domains present in the
compound 2(a) PKS (ORFs 10 to 18) along with a malonyl-specific and a
methylmalonyl-specific AT domain present in modules 3 and 11 respectively
of the nystatin PKS system as described by Brautaéet et al. supra.
[050] Figure 10a to 106: biosynthetic pathway for compound 2(a) polyketide
core structure. .
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[051]: Figure?l taand 1 '1b_: biosynthetic pathways for compound 2(a)
aminohydroxy-cyclopentenone (a) and deoxysugar (b) components.

[052] Figures 12ato 12f: outline of strategies for the genetic modification of
locus for compound 2(a) provndlng for variants that functionally modify
compound 2(a). ‘

[053] Figure 13: shoWs the data for the compound of compound 2(a)
obtalned by electrospray mass spectrometry.

[054] Flgure 14: shows the data for the compound of compound 2(a)
obtained by UV Amax. ‘

[655] Fi'gure 15: shows the data obtained for the compound of compound
2(a) by NMR at 500 MHz dissolved in d3-MeOH i'néluding proton 15 A, carbon
15 B, and multidimensional pulse sequences gDQCOSY, gHSQC, gHMBC,
and TOCSY 15 C, 15‘D, 15E and 1 5F, respectively.

[056] Figure 16: is a plot of the data from a study to evaluate the antifungal
activity of compound 2(a) against Candida albicans in a mouse model as

~ described in EXampIe 5. Figure 16 depicts the percent survival versus days
bost-inoculation with compound 2(a) (3 mg/kg), compound 2(a) (1 mg/kg),
Fungizone (0.25 mg/kg) and Fungizone (0.50 mg/kg).

[057] Figure 17: proton-NMR (Figure 17A) and carbon-13 NMR (Figure 17B)
spectral assignments for Compound 2(a) as discussed in Example 3.

DETAILED DESCRIPTION OF THE INVENTION

[058] The presént invéntioh e'ncom'passes compounds of Formula |, and
pharmaceutically acceptable salts thereof:

\/\/W N 2/\ W\) A
w

CH3
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/k Y‘-”\m\/“ D
\/\K/ Yg/ Y

Formula |

wherein, _
| A is selected from the group consisting of -NR'R?, -N=CR'R?,

- NR® o
-NR1/ILNHR3 _and .-NH/“\ R*.

o _R',R?% R®and R are each mdependently selected from the
group consisting of H, Cy.¢ alkyl, C..¢ alkenyl, Cz.6 cycloalkyl, Co¢
heterocycloalkyl, aryl, heteroaryl and amino acid, wherein said alkyl, alkenyl,
a'ryl_ and heteroaryl are bptionélly substituted with a group selected from
halogen, OH, NO., NH or aryl, said aryl being optionally further substituted

with one or more groups mdependently selected from halogen, OH, NO, or

NHz,
R10

B is selected frem'ethene-1,2-diy| or /g/ké/

wherein R' is oxo or OR'";
wherein R'! is H or a heterocycloalkyl, the
heterocycloalkyl being optionally substituted with 1-4
substituents selected from OX, C1.3 alkyl and -O-C(O)R",
wherein X is H or, when there are at least two
neighboring substituent groups that are OX, then the X

_canbea bond such that the two neighboring oxygen

groups form a five-membered écetal ring of the formula:
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e

o 0

é § ; wherein R® and R°® are each

independenﬂy selected from the group consisting of H,
C1-6 alkyl, and Co_7 alkenyl;

OH
\g\HN

D is selected from: . d , -NR'?*R'?2 and OR'?,
wherein: ' , '
' " R'is selected from H, Cy.s alkyl optionally substituted with 1 to

2 phenyl! groups, wherein the pheny! group is optionally
substituted with C+.¢ alkyl and halo;
R'? and R'? are each indepedently selected from H, C1.s alkyl,
- Casalkenyl, Cs¢ cyéloalkyl, Cos hetérocycloalkyl, aryl, heteroaryl
| and amino acid, wherein said alkyl, alkenyl, aryl and heteroary!

* are optionally substituted wifh a group selected from halogen,
OH, NO,, NH. or aryl, said aryl being optionally further
substituted with one or more groups independently selected
from halogen, OH, NO, or NH;;

W'is :

W2is Ty
Wiis ;
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. xIZ X13
Wois % ;
X', X2, X3, X4, X5, X8, X7, X8, X°, X'2 and X' are each independently
selected from H, -C(0)-R’ and a bond such that when any of two neighboring
X', X8, X3, X4, X5, X8, X7, X8 X% X2 and X'®is abond then the two
neighboring oxygen atoms and their attached carbon atoms together form a

six-membered acetal ring of the formula:
' RS RS

R®, R® and R’ are each independently selected from H, C1.g alkyl,

Co.7 alkenyl;

YLY2 Y3 Y YE Y YT Y Y Y Y12 Y3 and Y'S are each
independently selected _from_ the group consisting of ethene-1,2-diyl,

- ethane-1 ,2-diyl and %ob){, wherein said ethene-1,2-diyl and

ethane-1,2-diyl groups are optionally substituted with a methyl

group;

0 o)

‘Zis selected from OH, NHR®, %(‘ and when the dotted line
is a bond then Z is oxo, or NRY;
R®is selected from H, Cy. alkyl, Cz.¢ alkenyl;
R®is C1. alkyl optionally substituted with aryl.

[058] In a first embodiment the invention provides compounds of Formula |

- wherein Z is oxo; and all bther groups are as previously defined; or a
pharmaceutically acceptable salt thereof.

23



3004-9US

[059] Within this first émbodifn’ent Zis ox0, A is -NR'R?; and all other groups
are as previously defined; or a phérmaceutically acceptable salt thereof.
[060] Further within this embodiment Z is oxo, A is - NR'R? and D is

- _OH
\g\HN : .

o ; and all other grbups aré as previously defined; or a
pharmaceutically acceptable salt thereof.
[061] Within the first embodiment the invention provides compounds of

Formula | wherein Zis oxo and A is
5

| ;NH*

34 ; and all other groups are as previously defined; or a
pharmaceutically acceptable salt thereof.

0]

PN

© [062] Further within this embodiment Z is oxo and A is -NH R*and D is
' _OH -
; féﬁHN o

o - ; and all other groups are as previously defined; or a

pharmaceutically acceptable salt thereof.

[063] In a second embodinjent the invention provides compounds of Formula

| wherein B is
) R10

%J\é/wherein R' is oxo or OR'; and all other groups are as

- previously defined; or a pharmaceutically acceptable salt thereof.

[064] Within this second embodiment R' is OR'", wherein R"" is a
heterocycloalkyl, the heterobyclqalkyl being optidnally substituted with 1-4
substituents selected from OX, C1.3 alkyl and -O-C(O)R", wherein X is H or,
when there are at least two neighboring substituent groups that are OX, then
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the X can be a bond such that the two neighboring oxygen groups form a five-
membered acetal ring of the formula:

R

[065] Within this embodiment R is a heterocycloalkyl, the heterocycloalkyl

being optionally substituted With 1-4 substituents selected from OX, C1.3 alkyl

and -O-C(O)R‘, wherein X is H 6r, when there are at least two neighboring
substituent groups that are OX, then the X can be a bond such that the two

| heighborihg oxygen groups form a five- membered acetal ring of the formula:

B

o O ‘ .
% g and A is ;NR‘RZ; and all other groups are as

previously defined; or a pharmaceutically acceptable salt thereof.

[066] Further within this embodiment the invention provides compounds of
Formula I, wherein R"isa heterocycloalkyl, the heterocycloalkyl being
optionaIIyA substituted with 1-4 substituents selected from OX, C1.3 alkyl and -
O-C(O)R', wherein X is H or, ,wlhen there are at least two neighboring
substituent groups that are OX, then the X can be a bond such that the two
Anéig’h'boring oxygen groups form a five-membered acetal ring of the formula:

v

o 0

g g , Ais -NR'R?and Z is oxo; and all other groups are as

pfevibusly defined; or a pharmaceutically acceptable salt thereof.
[067] -Preferred compc.)'unds: 'of the invention comprise compounds of Formula
II: ' ‘ '

OR20
' P4 SOPY "Rz S\ /\/\/\/\jL
WYZWZ R S e 50 0 D!
i Hy Hy CH,
Formula Il
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wherein A' is =NH, -N=CH-R"®, amino acid or -NH-R"*, wherein R"® is
hydrogen or phenyl and R" ié selected from the group consisting of isopropyl,
1-(4-nitrophenyl)methyl, cy¢lohexyl,- and wherein said amino acid is attached
via its nitrogen atom; - '

i Jﬁ 0
j77-. NH2 . an ' :77, R15

~ wherein R'® is selected from the group consisting of methyl, isopropyl, phenyl,
4-nitrobhehyl, 1-aminoethyl, “1-amino-1 -(4-hydroxyphenyl)methyl, 1-amino-2-
(4-hydroxyphenyl)ethyl, 1-amino-2-methylpropyl, 2-pyrrolidinyl and1-amino-2-
hydroxyethyi; - ' '

Y? is selected from the group consisting of ethene-1,2-diyl and

Z' is selected from the group consisting of:

o oH M\ N —
“AJ?‘ | o, 0O
) ) J and

o Ly
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Y¥® is ethene-1,2-diyl or ethane-1,2-diyl; and
D' is hydroxy, methoxy or

OH

. e

: and pharmaceutically acceptable salts thereof.

| [068] The present invention includes pharmaceutical compositions of the
compounds of Formula |l, said compositions comprising a therapeutically
effective amount of the compound of Fofmula Il or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.

[069] 'P_articularly preferred compounds of the present invention include those

of Formula Il
’ OR20
1 H OH H OH OH OH H OH OH H OH /\/\/\/\jL
A\/\ii/v?oiiwz‘w% YA D!
o o . H, H; CH,

Formula Il

" wherein A' is amino (-NH,),-and Y2, Z', R, Y® and D' are as defined in
Table A below. -

Table A. Compounds of Formula [l wherein A is NH;

Compound yZ0 7 RD vy )
2 a ethene'1,2- . 3,4,5- ethane-1 ,2_ \h H
@ i ><ﬁ>( trinydroxy-6- .
' methyl- diyl
tetrahydro-
pyran-2-yi
2(b) . M “ & ¢ 13
2(C) ethene-1,2- ’ OH ) “ m
diyl- : \CL‘V
2 d “ “ “ m
< e
2(e) “ .N—CH2—<\:/> “ & 7]
&
2(f) 5 sj:/_< “ m m
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2(g) .. A ’<ﬁ>‘ ‘ “ “ hydroxy
2(h) ¢ - “ « methoxy
2(|) “ 7] . hydrogen 7] \H §H
A 2(]) & . ‘ [1 [ [} hydroxy
2(k) “ L 3,4,5- ethene-1,2- | —} H
. trinydroxy-6- divi
methyl- y
tetrahydro-
. pyran-2-yl
2(]) « » OH K € “ M
U NN

Additional preferred compounds of the invention include compounds of

Formula n .- - _

' ' R20
1 H OH H OH OH OH OH OH OH 1 H OH /\/\/\/\i
WYZWZM Y30 RV g N D1
. HS HS HJ

Formula ll

as set forth in Tables B ar\d C below,

wherein Y% is ethene-1 2-diyl;

DIIOH
-"H/ﬁ}H | CHs

s ethane- 1 2 -diyl; and

- OH
A .\E\HN

D'is. ¢ - and

‘wherein A" is -N=CH-R'®(Table B); -NH-R" (Table C).
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Table B. Compounds of Forrﬁula Il wherein A' is ~N=CH-R™ and Y?°, zZ'
R?, Y*® and D' are as defined above. '

Compound - |R"
2(m) CHs
2(n) ‘ _ phenyl

Table C. Compounds of Formula Il wherein A'is -NH-R' and Y%, Z', R%,

Y* and Q‘ are as defined above.

| Compound- - R™ " RP
2000 o NA
NH,
2(p) - isopropyl NA
2(q) , 1 -(4—nitrophenyl)methyl NA
2(r) cyclohexyl . NA
2(s) | » i - CHa
: : . TR
2() q : L isopropyl
. Rl5
2(u) jj\ . phenyl
R‘s.
2(v) . ' - /lj\ 4-npitrophenyl
o : ; . R® .
2(w) ‘ j\ 1-aminoethy!
. i R"
2(x) /j\. 1-amino-1-(4-
D ‘ § . hydroxyphenyl)methyl
2(y) i " 1-amino-2-(4-
i hydroxyphenyl)ethyl
2(2) ;[’]\ 1-amino-2-methylpropyl
N ) L. R" R
2(aa) A i . 2-pyrrolidinyl
. R )
2(ab) i 1-amino-2-hydroxyethyl
R|5

*NA = not applicable

The compéunds of Tables A, B and C are shown below.
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) . OH
L HOVH/:COH H
; OH OH OH OH OH OH OH OH OH 9 oJ\o Ho OH OH H
H’NMW/\W\/W\/\)\)\A/\/\/M o
] CH, ’ CH, CH,
Compound 2(a)

Compound 2(f)
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Compqund 2(3)

Compound 2(1)
. OH
A i HO:@OH . H
. OH OH  OH OH OH OH OH OH OH O O CH, H OH Hm
&MMWVW\MMWM/W/\W\KG o
’ CH, CH, CH,

Compound 2(m)
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) ' OH
@\/ OH OH OH OH OH (')H " OHCHOH O © H, OH OH H ;
,N\/\/K/K/\/\)\/K/\/\/\/K/K/U\KK/\/\/\Mw\/\/\/W\/KO o
CH, CH, CH,

Compound 2(n)

Compound 2(o)
. . |
H - OHOH OH OH.OH OH  OH OH OH O H, OH OH H:b
H°CYNMWMNM%M&MWNW\MO 0
CH, . CH, " CH, CH,
Compound 2(p)

Compound 2(q)

Compound 2(n

OH

Ho]f:/on HO
W OHOH OHOHOHOH. OHOHOHO 0 J\cu, OH OH HNQ

Hy i NWK)\/\/K/K/K/K/\M/K)‘\/,\/W\/\/W\(\/WO
o) .

CH, CH, CH,

Compound 2(s)
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Cdmpound 2(ab)

- [070] The following bivalen't moieties are referred to herein by the
nomenclature as indicated below:

o)

_/PL]\" -~ 1-oxo-methylene-1,1-diyl
/I/L}\ 1- hydroxymethylene 1,1- -diyl

o_ O
1,3- dloxacyclopentane -2,2-diyl
NH —<
/{J\l\ (2-propyiamino)methylene-1 ,1-diyl
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o)
/IJL]\ 1-benzyliminomethylene-1,1-diyl
\%o>% oxirane-2,3-diyl.

The following monovalent moieties are referred to herein by the nomenclature
as indicated:

OH

| (2-hydroxy-5-oxo-cyclopent-1-enyl)-amino

CHy | 3,4,5-trihydroxy-6-methyl-tetrahydropyran-2-yl.

[071] The terms “polyketide” or “polyene polyketide” refer to a class of
polyketide compounds defined by Formula | or II. A preferred polyketide of
the invention is the compound 2a, having the systematic name 56-Amino-
15,17,33,35,37,41 ,43,45,47,51 ,53-undecahydroxy-14,16,30-trimethyl-31-0xo-
29-(3,4,5-trihydroxy-6-methy|-tetrahydro-pyran-2—yloxy)-hexapentaconté-
2,4,6,8,12,1 8,20,22,24,26,38,48-dodecaenoic acid (2-hydroxy-5-oxo-
cyclo'pent-1-enyl‘)-amide. “The term further includes compounds of this class
that can be used as inférmediétes in chemical synthesis.

[072] The terms “producer of compounds of Formula I” and “compounds of
Formula | -producing organism” refer to a microorganism that carries genetic
information necessary to produce a compound of Formula 1, whether or not
the organism is known to produce a compound of Formula |. The terms

- “producer of compounds of Formula II” and “compound of Formula II-
producing organism” refer to a microorganism that carries genetic information
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necessary to produce a compound of Formula I, whether or not the organism
ié known to produce a compound of Formula ll. The terms “producer of
Compound 2(a)” and “Compound 2(a)-producing organism” refer to a
microorganism that carries genetic information necessary to produce
Compound 2(a), whether or not the organism is known to produce Compound
2(a). The term “polyketide producer” refer to a microorganism that carries
genetic information necessary to prdduce a polyketide of Formula | or Il. The

. terms apply equally to organisms in which the genetic information to produce
the compound of Formula | or Il or Compound 2(a) is found in the organism as
it exists in its natural environment, and to organisms in which the genetic
information is introduced by recombinant techniques. For the sake of
particularity, specific organisms contemplated herein include organisms of the
family Micromonosporaceae, of which preferred genera include
Micromonospora, Actinoplanes and Dactylosporangium; the family
Strepto}nycetaceae, of which preferred génera include Streptomyces and
Kitasatospora; the family Pseudonocardiaceae, of which preferred genera are
.'Amycolatopsis and Saccharopolyspora; and the family Actinosynnemataceae,
of which 'prefe‘rred genera include Saccharothrix and Actihosynnema; however
the terms are intended to encompass all organisms containing genetic
information necessary to produce a compound of Formula | or Il or Compound
2(a). -Préferred producérs of a compound of formula | or Il or Compound 2(a)
include Streptomyces aizunensis (NRRL B-11277) and any mutant or
impro_ved strain of Streptomyces aizunensis, includihg strain [C03]023 (IDAC
accessién no. 070803-01) and strain [CO3U03]023 (IDAC accession no.
231203-02). | | |

[073] The term “isolated” means that the material is removed from its original
environment, e.g. the natural environment if it is naturally-occurring. For
‘example, a naturally occurring polynucleotide or polypeptide present in a living
.organism is not isolafed, but the same polynucleotide or polypeptide,
separated from some or éll of the coexisting materials in the natural system, is
isolated. Such polynucleotides could be part of a vector and/or such
polynucleotides or polypepiides could be part of a composition, and still be
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isolated in that such vector or composition is not part of its natural
environment.

'[074] The term “purified” does not require absolute purity; rather, it is
intended as a relative definition. Individual nucleic acids obtained from a
library have been conventionally purified to electrophoretic homogeneity. The
purified nupleic acids pf the present invention have been purified from the

remainder of the genomic DNA in the organism by at least 104 to 106 fold.

However, the term “purified” also includes nucleic acids which have been
purified from the remainder of the genomic DNA or from other sequences in a
library or other environment by at least one order of magnitude, preferably two
or three orders of magnitude, and more preferably four or five orders of
magnitude. - |
[075] -“Recombinant” means that the nucleic acid is present in the cell with
“backbone” nucleic acid, wherein'the nucleic acid is not present with
“backbone” nucleic acid in its natural environment. “Recombinant” can also
be defined to mean that the nucleic acid is adjacent to “backbone” nucleic acid
to which it is not adjacent in its natural environment. “Enriched” nucleic acids
“represent 5% or more of the number of nucleic acid inserts in a population of
nucleic acid backbone molecples. “Backbone” molecules include nucleic
acids such as expression vectors, self-replicating nucleic acids, viruses,
integrating nucleic acids, and other vectors or nucleic acids used to maintain
or manipulate a nucleic acid of interest. Preferably, the enriched nucleic acids
represent 15% or more, more preferably 50% or more, and most preferably
90% or more, of the number of nucleic acid inserts in the population of
recombinant backbone molecules.
[076] “Recombinant” polypeptides or proteins refer to polypeptides or
proteins produced by recombinant DNA techniques, i.e. produced from cells
transformed by an exogenous DNA construct encoding the desired
polypeptide or protein. “Synthetic” polypeptides or proteins are those
prepared by chemical synthesis.
[077] The term “gene” means the segment of DNA involved in producing a
polypeptide chain; it includes regions preceding and following the coding
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region (leader and trailer) as well as, where applicable, intervening regions
(introns) between individual coding segments (exons).
[078]' The terms “gene locus, “gene cluster,” and “biosynthetic locus” refer to
a group of genes or variants thereof involved in the biosynthesis of the
polyketide of Formula 2a. Genetic modification of gene locus, gene cluster or
biosynthetic locus refers to any genetic recombinant techniques known in the
art including mutagenesis, inactivation, or replacement of nucleic acids that
can be applied to generate variants of the compounds of Formula 2a. Genetic
modification of gene locus, gené cluster or biosynthetic locus refers to any
- genetic recombinant techniques known in the art including mutagenesis,
Ai_n“a'ctivation, or replaéement\ of nucleic acids that can be applied to generate
gehetic variants of compounds of~ Formula 1.

[079] A 'DNA or nucleotide “coding sequence” or “sequence encoding” a
Apart'icular polypeptide or protein, is a DNA sequence which is transcribed and
translated into a pdlypeptide or protein when placed under the control of
appropriate regulatory sequences.

[080] “Oligonucleotide” refers to a hucleic acid, generally of at least 10,
preferably 15 and mdre preferably at least 20 nucleotides, preferably no more
‘than 100 .nucleotides, that are hybridizable to a genomic DNA molecule, a
cDNA molecule, or an mRNA molecule encoding a gene, mRNA, cDNA or
other nucleic acid of interest.

[081'] A promoter sequence is “operably linked to” a coding sequence
recognized by RNA pélymérase which initiates transcription at the promoter
and transcribes the coding séquence into mRNA.
" [082] “Digestion” of DNA refers to enzymatic cleavage of the DNA with a
festriction enzyme that acts only at certain sequences in the DNA. The
various restriction enzymes used herein are commercially available and their
reaction conditions, cofactors and other requirements were used as would be
known to the ordinary skilled artisan. Fdr analytical purposes, typically 1 pg of
plésmid or DNA fragment is used with about 2 units of enzyme in about 20 pl
of buffer solution. For the purbose of isolating DNA fragments for plasmid
construction, typically 5 to 50 ug of DNA are digested with 20 to 250 units of
enzyme in a larger volume. Appropriate buffers and substrate amounts for
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panicular enzymes are specified by the manufacturer. Incubation times of
about 1 hour at 37°C are ordinarily used, but may vary in accordance with the
supplier’s instructions. After digéstion, gel electrophoresis may be performed
to isolate the desired fragment.

[083] As used herein and as known in the art, the term “identity” is the
relationship between two or more polynucleotide sequences, as determined
by comparing the sequences. Identity also means the degree of sequence
relatedness between polynucleotide sequences, as determined by the match
between strings of such sequences. Identity can be ieadily calculated (see,
e.g., Computation Molecular Biology, Lesk, A.M., eds., Oxford University
Press, New York (1998), and Biocbmputing: Informatics and Genome
Projects, Smith, D.W., ed., Academic Press, New York (1993), both of which
are incorporated by reference herein). While there exist a number of methods
to measure identity between two polynuclectide sequences, the term is well
known to skilled artisans (see, e.g., Sequence Analysis in'Molecular Biology,
von Heinje, G., Academic Press (1987); and Sequence Analysis Primer,
Gribskov., M. and Devereux, J., eds., M. Stockton Press, New York (1991)).
Methods commonly employed to determine identity between sequences
include, for exémple, those disclosed in Carillo, H., and Lipman, D., SIAM J.
Applied Math. (1988) 48:1073. “Substéntially identical,” as used herein,
ineans there is a very high degree of homo_lbgy (preferably 100% sequence
identity) between subject polynucleotide sequences. However,
polynucleotides having gre_‘ater ihén 90%, or 95% sequence identity may be
used in the present invention, and thus sequenbe variations that might be
expected due to genetic mutation, strain polymorphism, or evolutionary
divergence can be tolerated. |

[084] The bidsynthetic locus for the production of the Compound 2(a) spans
a‘pproxinﬁately 176,000 base pairs of DNA and encodes 38 proteins. More
than 10 kilobases of DNA sequence were analyzed on each side of the locus
-and theée regions were found to contain primary metabolic genes.

The order énd relative positicin of the 38 open reading frames representing the
proteins of the biosynthetic locus for Compound 2(a) are provided in Figure 1.
Referring to Figure 1, the genes involved in the biosynthesis of Compound
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2(a) are contained within two contiguous nucleotide sequences (SEQ ID NOS:
i and 18). The contiguous nu_’cleotide sequences are arranged such that, as
found.within. the compound 2(a) biosynthetic locus, the 3’ end of the 11740
base pairs of DNA of contig 1 (SEQ ID NO: 1) is found adjacent to the 5’ end
of the 164,051 base pairs of DNA of'contig 2 (SEQ ID NO: 18).

[085] The n'ucleotide seqUence and polypeptide sequences relating to the
locus of compound 2(a) are providéd in the sequence listing filed together with
‘and forming part of this application. SEQ ID NO: 1 is the 11740 contiguous
base pairs of contig 1 compr‘isihg‘eight open reading frames, namely ORF 1 to
ORF 8 listed in SEQ ID NOS: 3,5, 7, 9, 11, 13, 15 and 17 respectively. The
gene product of ORF 1 (SEQ ID NO: 2) is the 719 amino acids deduced from
the nucleic acid sequence of SEQIDNO: 3 which is drawn from residues 418
to 2577 (sense strand) of contig 1 (‘S'EO ID NO: 1). The gene product of ORF
2 (SEQID NO: 4) is the 253 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 5 which is drawn from residues 3006 to 3767 (sense
strand) of contig 1 (SEQ ID NO: 1). The gene product of ORF 3 (SEQ ID NO:
6) is the 956 'amino acids deduced from the nucleic acid sequence of SEQ ID
‘NO': 7 which is drawn from residues 4016 to 6886 (sense strand) of contig 1
.(SEQ ID NO: 1). The gene product of ORF 4 (SEQ ID NO: 8) is the 201

"~ amino acids dedluced from the nucleic acid sequence of SEQ ID NO: 9 which
is drawn from residues 7581 to 6976 (antisense strand) of contig 1 (SEQ ID
NO: 1).' The gene product of ORF 5 (SEQ ID NO: 10) is the 416 amino acids
deduced from the nucleic acid sequence of SEQ ID NO: 11 which is drawn
from residues 8848 to 7598 (antisense strand) of contig 1 (SEQ ID NO: 1).
The gene product of ORF 6 (SEQ ID NO: 12) is the 186 amino acids deduced
from the nucleic acid sequence of SEQ ID NO: 13 which is drawn from
residues 9053 to 9613 (sense strand) of contig 1 (SEQ ID NO: 1). The gene
product of ORF 7 (SEQ ID NO: 14) is the 163 amino acids deduced from the
nucleic acid sequence of SEQ ID NO: 15 which is drawn from residues 9682
to 10173 (sense strand) of contig 1 (SEQ ID NO: 1). The gene product of
ORF 8 (SEQ ID NO: 16) is the 514 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 17 which is drawn from residues 10170 to 11714
(sense strand) of contig 1 (SEQ ID NO: 1).
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[086] SEQ ID NO: 18 is the 164,051 contiguous base pairs of contig 2
comprising 30 ORFs, namely ORF 9 to ORF 38 listed in SEQ ID NOS: 20, 22,
24, 26, 28,.30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76 and 78 reéspectively. The gene product of ORF 9
(SEQ ID NO: 19) is the 367 amino acids deduced from the nucleic acids
sequence of SEQ ID NO: 20 which is drawn from residues 1109 to 6
‘ (antisensé sirand) of cdntig'z' (SEQ ID NO: 18). The gene product of ORF 10
~ (SEQ ID NO: 21) is the 8147 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 22 which is drawn from residues 1375 to 25818
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 11
(SEQ ID NO: 23) is the 3428 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 24 which is drawn from residues 25902 to 36188
(sense stra_nd)' of contig 2'(SEQ ID NO: 18). The gene product of ORF 12
(SEQ ID{NO: 25) is the 6751 émind acids _deduCed from the nucleic acid
sequence of SEQ ID NO: 26 which is drawn from residues 36213 to 56468
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 13
(SEQ ID NO: 27) is the 1657 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 28 which is drawn from residues 56600 to 61573
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 14
(SEQID NO: 29) is the 5207 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 30 Whiqh'i's drawn from residues 61852 to 77475
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 15
. (SEQID NO: '31)‘ is the 5432 émino acids deduced from the nucleic acid
- sequence of SEQ ID NO: 32 which is drawn from residues 77606 to 93904
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 16
(SEQ ID NO: 33) is the 3227 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 34 which is drawn from residues 94057 to 103740
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 17
|(SEQ ID NO: 35) is the 7510 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 36 which is drawn from residues 103789 to 126321
: (sen_sé stfand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 18
(SEQ'iD NO: 37) is the 3872 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 38 which is drawn from residues 126389 to 138007
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(sense strand) of contig 2 (SEQ AID NO: 18). The gene product of ORF 19
(SEQ ID NO: 39) is the 338 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 40 which is drawn from residues 139079 to 138063
(antisense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 20
(SEQ ID NO: 41) is the 283 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 42 which is drawn from residues 140117 to 139266
(antisense strand) of cdntig 2 (SEQ ID NO: 18). The gene product of ORF 21
' (SEQ ID NO: 43) is the 329 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 44 which is drawn from residues 141103 to 140114
(antisense strand) of contig 2 (S'EQ ID NO: 18). The gene product of ORF 22
(SEQ ID NO: 45) is the 317 amind acids deduced from the nucleic acid
sequence of lSEQ'ID NO: 46 which is drawn from residues 141483 to 142436
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 23
(SEQ ID NO: 47) iis the 204 amino acids deduced from the nucleic acid
seq:uence of SEQ ID NO: 48 which is drawn from residues 142440 to 143054
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 24
(SEQ ID NO: 49) is the 328 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 50 which is drawn from residues 143133 to 144119
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 25
(SEQ ID NO: 51) is the 328 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 52 which is drawn from residues 144116 to 145102
(sense s;(rahd) of contig 2 (SEQ ID NO: 18). The gene product of ORF 26
(SEQ ID NO: 53) is the 214 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 54 which is drawn from residues 145099 to 145743
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 27
(SEQ ID NO: 55) is the 470 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 56 which is drawn from residues 145818 to 147230
(sense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 28
(SEQ ID NO: 57) is the 553 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 58 which is drawn from residues 148967 to 147306
(antisense strand) of contig 2 (SEQ |D NO: 18). The gene product of ORF 29
(SEQ‘ ID ‘NO: 59) is the 231 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 60 which is drawn from residues 149871 to 149176
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. (antisense' strand) 6f centig 2 (SEQ ID NO: 18). The gene product of ORF 30
(SEQ ID NO: 61) is the 306 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 62 which is drawn from residues 150788 to 149868
'(ant'isense .strand)' of contig 2 (SEQ ID NO: 18). The gene product of ORF 31
(SEQ ID NO: 63) is the 998 emino acids dedueed from the nucleic acid
sequence of SEQ ID NO: .'64 which is drawn from residues 153765 to 150769
_ (antisense strand) of contig 2 (SEQ ID NO: 18). The gene product of ORF 32
(SEQ ID NO: 65) is the 518 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 66 which is drawn from residues 154485 to 156041
(sense strand) Qf contig 2 (SEQ ID NO: 18). The gene product of ORF 33
(SEQ ID NO: 67) is the 329 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 68 which is drawn from residues 156075 to 157064
(sense strand) of contig 2.(SEQ ID NO: 18). The gene product of ORF 34
(SEQ ID NO: 69) is the 521 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 70 which is drawn from residues 157308 to 158873
(sense strand) of contig 2 (S'EQ ID NO: 18). The gene product of ORF 35
(SEQ ID NO: 71) is the 410 amino acids deduced fromthe nucleic acid
sequence of SEQ ID NO 72 WhICh |s drawn from residues 158970 to 160202
' (sense strand) of contig 2 (SEQ D NO: 18). The gene product of ORF 36
(SEQ ID NO: 73) is the 506 amino acids deduced from the nucleic acid
sequence 'of SEQID NO: 74 which is drawn from residues 160199 to 161719
. (sense st.rénd) of eontig 2 (SEQ ID NO: 18). The gene product of ORF 37
(SEQ ID NO: 75) is the 217 amino acids deduced from the nucleic acid
sequence of SEQ ID NO: 76 which is drawn from residues 161924 to 162577
) (sense strand) of contlg 2 (SEQ ID NO 18). The Qene product of ORF 38
(SEQ ID NO: 77) is the 442 amino acnds deduced from the nucleic acid
sequence of SEQ ID NO: 78 which is drawn from residues 162723 to 164051
(sense strand) of contig 2 (SEQ ID NO: 18).

[087] Some open readlng frames listed herein initiate with non-standard
initiation codons (e.g. GTG - Valine or CTG - - Leucine) rather than the

| standard initiation codon ATG, namely ORFs 3, 5, 6, 9, 11, 13, 21, 22, 23, 24,
.27, 34,36 and 37 (SEQID NOS 7,11, 13 20, 24, 28 44 46, 48, 50, 56, 70,
74 and 76). All ORFs are hsted with the appropnate M, V or L amino acids at
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the amino-terminal positidn to indicate the specifieity ef the first codon of the
ORF. ltis expected, however, that in all cases the biosynthesized protein will
contain a methionine residue, and more specifically a formylmethionine
reSidee,'at the amino terminal position, in keeping with the widely accepted
principle that protein synthesis in bacteria initiates with methionine
(formylmethionine) even thervl the encoding gene specifies a non-standard
initiation codon (e.g. Stryef, Biochemistry 3" edition, 1998, W.H. Freeman and
Co., New York, pp. 752-754).

[088] Five E. coli DH10B deposits, each harbouring a cosmid clone of a
parﬁal biosynthetic Iecus fb( 'combound 2(a) from Streptomj/oes aizunensis
(NRRL B-11277) and together spanning the full locus were deposited with the
Ihternational Depositary Authority of Canada, Bureau of Microbiology, Health
Canada, 1015 Arlington Streef; Winnipeg, Manitoba, Canada R3E 3R2 on
February 25, 2003 and were assigned deposit accessioh numbers IDAC
250203-01, IDAC 250203-02, IDAC 250203-03, IDAC 250203-04 and IDAC
250203-05 respective‘ly. The sequence of the polynucleotides comprised in
the deposited strains, as well as the amino acid sequence of any polypeptide
encoded thereby‘are controlling in the event of any conflict with any
description of sequences herein. - _

[089] A natural Amutarit of Streptomyces aizunensis (NRRL. B-11277), referred
to as strain [C03]023 producing Compound 2(a) and used to produce the
compounds of Formula | and Fermula Il was depesited with the International
Depositary Authority of Canada, Bureau of Microbiology, Health Canada,
1015 Arlington Street, Winnipeg, Manitoba, Canada R3E 3R2 on August 7,
2003 and wes assigned deposit accession number IDAC 070803-1.

[090] Another mutant of Streptomyces aizunensis (.N RRL B-11277), referred
to as strein [C03U03]023 producing Compound 2(a) and used to produce the
compeunds ef Formula | and Formula Il was deposited with the International
Depositary Authority of Canada, Bureau of Microbiology, Health Canada,
1015 Arlington Street, Winnipeg, Manitoba, Canada R3E 3R2 on December
23, 2003 and was assigned deposit accession number IDAC 231203-02.
[091] The deposited cosmids and strains [C03]023 and [C03U03]023 (the
deposited stains) have been made under the terms of the Budapest Treaty on
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the International Recognition of the Deposit of Micro-organisms for Purposes
of Patent Procedure. The deposited 'strains will be irrevocably and without
restriction or condition released to the public updn the issuance of a patent.
The deposited strains are provided merely as convenience to those skilled in
~ the art and are not an admission that a deposit is required for enablement. A
Iicehse may be required to make, use or sell the deposited strains, and
compounds derived there from, and no such license is hereby granted.

[092] The order and rélatii)e position of the 38 open reading frames
representing the proteins of the bidsynthetic locus for compound 2(a)
(compound 2(a) ORFs) are illustrated schematically in Figure 1. The top line
in Figuré 1 provides a scale in base pairs. The gray bars depict the two DNA

" .contigs that cover the compound 2(a) locus. The empty arrows represent the

' 38 open reading frames of the compound 2(a) biosynthetic locus. The black
arrows r_epreséht the five deposited cosmid clones covering the entire

~ compound 2(a) locus. o

[093] One aspect of the'présent invention is an isolated, purified, or enriched
" nucleic acid comprising one pf the sequences of SEQ ID NOS: 3,5, 7, 9, 11,
13, 15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, '62, 64, 66, 68,}70,' 72,74, 76, 78, the sequences
complementary thereto, or a fragment comprising at least 100, 200, 300, 400,
500, 600, 700, 800 or more consecutive bases of one of the sequences of
SEQIDNOS: 3,5,7,9, 11, 13, 15, 17 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78 or
the sequences complementary thereto. The isolated, purified or enriched
nucleic acids may COmprisé DNA including cDNA, genomic DNA, and
syhthefic DNA. The DNA hay be double stranded or single stranded, and if

. single 'stranded may be the coding (sense) or non-coding (anti-sense) strand.
Alternatively, the isolated, purifiedAor enriched nucleic acids may comprise
RNA. e "

'[094] As discussed in more detail below, the isolated, purified or enriched
nucleic acids of one of SEQ ID NOS: 3, 5,7, 9, 11, 13, 15, 17, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78 may be used to prepare one of the polypeptides of SEQ
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ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73, 75, 77,
respectively, or fragments comprising at least 50, 75, 100, 200, 300, 500 or
more consecutive amino aicids of one of the polypeptides of SEQ ID NO: 2, 4,
6, 8,10, 12, 14,16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47,
49, 51, 53, 55,5 7, 59, 6i, 63, 65, 67, 69, 71, 73, 75, 77.

[095] Accordingly, anoth'er'és_pect of the present invention is an isolated,
purified or enriched nucleic écid' which encodes one of the polypeptides of
SEQ IDNOS: 2,4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
39,41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61,‘63, 65, 67, 69, 71, 73, 75, 77 or
fragments comprising at least 50, 75 100, 150, 200, 300 or more consecutive
a.mino acids of one of the polypeptides of SEQ ID NOS: 2, 4, 6, 8, io, 12, 14,
16, 19, 21, 23, 25', 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77. The coding sequences of these
nucleic acids may be identical to one of the coding sequences of one of the
nucleic acids of SEQ ID NOS: 3,5, 7, 9, 11, 13, 15, 17, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72,74, 76, 78 or a fragment thereof, or may be different coding sequences
which encode one of the polypeptides of SEQID NOS: 2, 4, 6, 8, 10, 12, 14,
"16,. 19, 21, 23, 25, 27, 29, 3.1, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
57, 59, 61, 63, 65, 67, 69, 71.,' 73,75, 77 or frégments comprising at least 50,
75, 100, 150, 200, 300 consecutive amino acids of one of the polypeptides of
SEQID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
' 39,41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 as
a result of the redundancy or degeneracy of thé genetic code. The genetic
code is well known to thbse of skill in the art and can be obtained, for
exarhple, from Stryer, Biochemistry,érd edition, W. H. Freeman & Co., New
York. o

[096] The isolated, purified or enrichéd nucleic acid which encodes one of
the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27,
29,31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,
69, 71, 73, 75, 77 may include, but is not |imited to: (1) only the coding
sequences of one of SEQ ID NOS: 3, 5,7, 9, 11, 13, 15, 17, 20, 22, 24, 26,
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28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78; (2) the coding sequences of SEQ ID NOS: 3, 5, 7, 9,
11,13, 15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56; 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78 and additional coding
sequences, such as leader éeqUences or proprotein; and (3) the coding
seque'nces' of SEQID NOS: 3,5,7,9, 11,13, 15, 17, 20, 22, 24, 26, 28, 30,
32, 34, 36, 3-8, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, 74, 76, 78 and non-coding sequences, such as non-coding sequences 5'
and/or 3’ of the cdding sequence. Thus, as used herein, the term
“polynucleotide encoding a polypeptide” ehcompasses a polynucleotide that
includes only coding sequence for the polypeptide as well as a polynucleotide
that includes additional coding and/or non-coding sequence.
[097] The invention relates to polynucleotides based on SEQ ID NOS: 3, 5,
7,9, 11, 13, 15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78 but having
polynucleotide changes that are “silent”, for example changes which do not
.alter the amino acid sequence encoded by the polynucleotides of SEQ ID
NOS: 3,5,7,9, 11, 13, 15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78. The
~ invention also relates to poiynucleotides which have nucleotide changes
which result in amino acid su,bStitu.tions, addiiions, deletions, fusions and
truncations of the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59,
61, 63, 65, 67, 69, 71, 73, 75, 77. Such nucleotide changes may be
“introduced using techniques such as site directed mutagenesis, random
chemical mutagenesis, exonuclease Ill deletion, and other recombinant DNA
techniques. _ .
[098] The isolated, purifi'e'd or enriched nucleic acids of SEQ ID NOS: 3, 5, 7,
9,11, 13, 15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, the sequences
complementary thereto, or a fragment comprising at least 10, 15, 20, 25, 30,
35, 40, 50, 75, 100, 150, 200, 300, 400 or 500 consecutive bases of one of
the sequence of SEQ ID NOS: 3, 5, 7, 9, 11, 13, 15, 17, 20, 22, 24, 26, 28, 30,
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32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, 74, 76,78, or the sequences complementary thereto may be used as
p'r‘obés' to identify and isolate DNAs encoding the polypeptides of SEQ ID
NOS: 2, 4, 6, 8, 10, 12, 14, 16, i9, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,
43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77
respectively. In such prdéedures, a genomic DNA library is constructed from
a sample microorganism of'aA’sampIe containing a microorganism capable of
producing a polyketide. The genomic DNA library is then contacted with a
probe comprising a codirig sequence or a fragment of the coding sequence,
encoding one of the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57,
59, 61, 63, 85, 67, 69, 71, 73, 75, 77, or a fragment thereof under conditions
which pérmit th_'e probe 'to.specifically hybridize to sequences complementary
thereto. In a preferred embodiment, the probe is an oligonucleotide of about
10 to about 30 nucleotides in Iength'désigned' based on a nucleic acid of SEQ
IDNOS: 3, 5,7, 9, 11, 13, 15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76 or 78.
Genomic DNA clones which hybridize to the probe are then detected and
isolated. Procedures for preparing and identifying DNA clones of interest are
disclosed in Ausubel et al., Current Protocols in Molecular Biology, John Wiley
503 Sons, Inc. 1997; andSambrook et aI.,:MoI'ec':uIar Cloning: A Laboratory

‘Manual 2d Ed., Cold Spring Harbor Laboratory Press, 1989. In another
efnbbdimeni, the probe is a restriction fragment or a PCR amplified nucleic
acid derived from SEQ ID NOS: 3, 5, 7, 9 11, 13, 15,17, 20, 22, 24, 26, 28,
30, 32, 34,36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,
70, 72, 74, 76, 78. :

- [099] The isolated, puriﬁed or enriched nucleic acids of SEQ ID NOS: 3, 5, 7,
9, 11, 13,15, 17, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, the sequences

' complementary theretd, or a fragment comprising at least 10, 15, 20, 25, 30,
35, 40, 50, 75, 100, 150, 200, 300, 400 or 500 consecutive bases of one of
the sequences of SEQ ID NOS: 3, 5,7, 9, 11, 13, 15, 17, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,
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70, 72, 74, 76, 78, or the sequences complementary.thereto may be used as
prob.es to identify and isolate related nucleic acids. In some embodiments,
the related nucleic acids may be genomic DNAs (or cDNAs) from potential
polyketide producers. In such procedures, a nucleic acid sample containing
nucleic écids from a potential polyketide producer is cbntacted with the probe
under conditions that permit the probe to specifically hybridize to related
Sequences. The nucleic acid sample may be a genomic DNA (or cDNA)
Iibréry from the potential polyketide-producer. Hybridization of the probe to
nucleic acids is then detected using any of the methods described above.
[0100] Hybridizatioh may be carried out under cohditions of low stringency,
moderate stnngency or h|gh stnngency As an example of nucleic acid
hybndlzatlon a polymer membrane containing immobilized denatured nucleic
acids is first prehybridized for 30 minutes at 45 °C in a solution consisting of
09M NaCI 50 mM NaH,PO4, pH 7.0, 5.0 mM Na;EDTA, 0.5% SDS, 10X
Denhardt’ s, and 0.5 mg/ml polyriboadenylic ach. Approximately 2 x 107 cpm
(specific activity 4-9 x 108 cpm/ug) of *P end-labeled oligonucleotide probe
are then added to the solution. After 12-16 hours of incubation, the
membrane is washed for 30 m'inut'eé at room temperature in 1X SET (150 mM
NaCl, 20 mM Tris hydrochloride, pH 7.8, 1 mM Na;EDTA) containing 0.5%
'SDS foIIowed by a 30 minute wash in fresh 1X SET at Tm-10°C for the
oligonucleotide probe where Tm is the melting temperature. The membrane
is then expoéed to autoradiographic film for detection of hybridization signals.
[0101] By varying the stringency of the hybridization conditions used to identify
nucleic acids, such as genomic DNAs or cDNAs, which hybridize to the
détectablé probe, nucleic acids havi'ng different levels of homology to the
probe can be idehtified and isolatéd; Stringency may be varied by conducting
the hybridizati‘on at varying témperatures below the melting temperatures of
the probes. The melting témperature of the probe may be calculated using
the following formulas: ,, ‘

[0102] For oligonucleotide probes between 14 and 70 nucleotides in length the
melting tempere_iture (Tm) in degrées Celcius may be calculated using the
formula: Tm=81.5+16.6(log [Na_+]) + 0.41(fraction G+C)-(600/N) where N is
the length of the oligonucleotide.
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[0103]If the hybridization is carried out in a solution containing formamide, the
melting témperature méy be calculated using the equation Tm=81 .5+16.6(log
[Na +]) + 0.41(fraction G + C)-(0.63% formamide)-(600/N) where N is the

. length of the probe. L

[0104] Prehybridization may be carried out in 6X SSC, 5X Denhardt's reagent,
0.5% SDS, 0.1 mg/ml denatured fragmented salmon sperm DNA or 6X SSC,
5X De'nhardt’s reégent, 0.5% SDS, 0.1 mg/ml denatured fragmented salmon
sperm DNA, 50% formamide. The composition of the SSC and Denhardt’s
solutions are listed in Sambrook et al., supra.

[0o1 05] Hybridization is conducted by adding the detectable probe to the
hybridization solutions Iiéted above. Where the probe comprises double
stranded DNA, it is denatured by ihcubating at elevated temperatures and
quickly cooling before addition to the hybridization solution. It may also be
desirable to similarly denature single stranded probes to eliminate or diminish
formation of secondary struc;tufes or oligomerization. The filter is contacted
with the hybridiiation solution for a sufficient period of time to allow the probe
to hybridize to cDNAs or genomic DNAs containing sequences
complementary thereto or homologous thereto. For probes over 200
nucleotides in |engt'h,'the hybridization may be carried out at 15-25 °C below
the Tm. For sh'o'rter probes, such as oligonucleotide probes, the hybridization
may be conducted at 5-10 °C below the Tm. - Preferably, the hybridization is
conducted in 6X SSC, for shorter probes. Preferably, the hybridization is
conducted in 50% formamide containing solutions, for longer probes. All the
fbregoing hybridizations onId be considered to be examples of hybridization
performed under conditions of _high stringency.

[0106] FolloWing hybridizatioh, the filter is washed for at least 15 minutes in 2X
SSC, 0.1% SDS at room temperature or higher, depending on the desired
stringency. The filter is then'waéhed with 0.1X SSC, 0.5% SDS at room
temperature (again) for 30 minutes to 1 hour. Nucleic acids which have

~ hybridized to the probe'ére identified by conventional autoradiography and
non-radioactive detection methods..

[0107] The above procedure may be modified to identify nucleic acids having
decreasing levels of homology to the probe sequence. For example, to obtain
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nucleic acids of decreas'ing.homology to fhe detectable probe, less stringent
conditions may be used. For éxarﬁple, the hybridization temperature may be
decreased in increments of.5 °C from 68 °C to 42 °C in a hybridization buffer
having a Na+ concentration of approximately 1M. Following hybridization, the
filter may be washed with 2X SSC, 0.5% SDS at the temperature of
' hybridizatidn.' These conditions are considered to be “moderate stringency”
cdnditibns above 50°C and “low stringency” conditions below 50°C. A specific
example of “moderate stringency” hybridization conditions is when the above
hybridization is conducted at 55°C. A specific example of “low stringency”
hybridization conditions is when the above hybridization is conducted at 45°C.
[0108] Alternatively, the hybridization may be carried out in buffers, such as
6X SSC, containing formamide at a temperature of 42 °C. In this case, the
concent_ratibn of fqrmamide in the hybridization buffer may be reduced in 5%
incremehts from 50% to.O% to ide'ntify_ clones having decreasing levels of
_‘h.ovmo_logy to th'e' probe. Following hybridization, the filter may be washed with
6X SSC, 0.5% SDS at 50 °C. These conditions are considered to be
“moderate stringency” conditions above 25% formamide and “low stringency”
conditions below 25% formamide. A specific example of “moderate
stringéncy”.hybridizatioh conditions is when the above hybridization is
conducted at 30% formamide. ‘A specific example of “low stringency”
h'yb'ridization conditions is when the above hybridization is conducted at 10%
formamide. Nucleic acids which héve hybridized to the probe are identified by
conventional autoradiography and non-radioactive detection methods.
[0109] The precéding methods may be used to isolate nucleic acids having at
least 97%, at least 95%, at least 90%, at least 85%, at least 80%, or at least
70% sequence identity to a nucleic acid sequence selected from the group
_consisting of the sequences of SEQ ID NOS: 3, 5, 7, 9, 11, 13, 15, 17, 20, 22,
24, 26, 28, 30, 32, 34,‘3_6,_ 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76, 78, fragments comprising at least 10, 15, 20, 25,
‘30, 35, 40, 50, 75, 100, 150, 200, 300, 400, or 500 consecutive bases thereof,
and the sequences complementary thereto. The isolated nucleic acid may
have a coding sequence that is a naturally occurring allelic variant of one of
the coding séquences described herein. Such allelic variant may have a
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substitution, deletion or addition of one or more nucleotides when compared
to the nucleic acids of SEQ ID NOS: 3, 5,7, 9, 11, 13, 15, 17, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78, or the’. sequences complementary thereto.

[0110] Additionally, the above procedures may be used to isolate nucleic acids
which encode polypeptides having at least 99%, at least 95%, at least 90%, at
least 85%, at least 80%, or at least 70% identity to a polypeptide having the
sequence of one of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27,
29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,
69, 71, .73, 75, 77 or fra'gments comprising at least 50, 75, 100, 150, 200, 300
consecutive amino acids thereof as determined using the BLASTP version
2.2.2 algorithm with default parameters.

[0111] Another aspect of the present invention is an isolated or purified
polypeptide comprising the sequence of one of SEQ ID NOS: 2, 4, 6, 8, 10,
12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 or fragments comprising at
least 50, 75, 100, 150, 200 or 300 consecutive amino acids thereof. As
discussed herein, such polypeptides may be obtainedr by inserting a nucleic
acid encoding the polypeptide into a vector such that the coding sequence is
operably linked to a sequence capable of driving the expression of the
enooded polypeptide in a suitable host cell. For example, the expression
vector may comprise a promoter, a ribosome binding site for translation
initiation and a transcription terminator. The vector may also include
approprietesequences for fnodula'ting expression levels, an origin of
replication and a selectable marker. |

[0112] Promoters suitable for expressing the polypeptide or fragment thereof
ih bacteria include the E.coli lac or trp promoters, the lacl promoter, the lacZ
prohoter, the T3 promoter, the T7 promoter, the gpt promoter, the lambda Pr
promoter, the lambda P promoter, promoters from operons encoding
glycolytic enzymes such as 3-phosphoglycerate kinase (PGK), and the acid
phosphatese promoter. Fungal promoters include the o factor promoter.
Eukaryotic promoters includ:e the CMV immediate early promoter, the HSV
thymidine kinase promoter, heat shock promoters, the early and late SV40
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promoter, LTRs from retreviruses, and the mouse metallothionein-1 promoter.
Other promOters known to control expression of genes in prokaryotic or
eukaryotic cells or their viruses may also be used.
[0113]Mammalian expression vectors may also c'omprise an origin of
repllcatlon any necessary nbosome blndlng sites, a polyadenylation site,
splice donors and acceptor snes transcnptlonal termination sequences, and
5 flanking nontranscribed se_quences. In some embodiments, DNA
A sequences derived from the SV40 splice and polyadenylation sites may be
Use'd‘_to p'rcvide the required nontranscribed genetic elements.
[0114] Vectors for expressing the polypeptide or fragment thereof in
eukaryotic cells may also contain enhancers to increase expression levels.
Enhancers are cis-acting elements of DNA, usually from about 10 to about
300 bp in Iength that act on a promoter to increase its transcnptlon Examples
include the SV40 enhancer on the late side of the replication origin bp 100 to
270, the cytomegalovirus early promoter enhancer, the polyoma enhancer on
-the late side of the repllcatton origin, and the adenovirus enhancers
[0115]In addmon the expression vectors preferably contain one or more
selectable marker genes to permlt selection of host cells containing the vector.
: Examples of selectable markers that may be used include genes encoding
- dihydrofolate reductase or genes conferring neomycin resistance for
' eukaryotic cell culture, g'enes conferring tetracycline or ampicillin resistance in
_E. coli, and the S. cerevisiae TRP1 gene.
[0116] In some embodlments the nucleic acid encoding one of the
polypeptldes of SEQ ID NOS: 2 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29,
31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71, 73 75,77 or fragments compnsmg at least 50, 75, 100, 150, 200 or 300
consecutive amino acids thereof is assembled in appropriate phase with a
leader sequence capable cf directing secretion of the translated polypeptides
or fragments thereof. Optionally, the nucleic acid can encode a fusion
polypeptide in which one of the polypeptide of SEQ ID NOS: 2, 4, 6, 8, 10, 12,
14, 16, 19, 21, 23, 25, 27, 29, 31; 33, 35, 37; 39, 41, 43, 45, 47, 49, 51, 53,
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 or fragments comprising at least
' 5,10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino acids
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thereof is fused to heterologous peptldes or polypeptldes such as N-terminal
rdentrfrcatlon peptides which |mpart desrred characteristics such as increased
‘ stablllty or simplified punflcatlon or detectlon

[0117] The appropnate DNA sequence may be inserted into the vector by a
variety of procedures In general, the DNA sequence is ligated to the desired
posrtlon in the vector followrng drgestlon of the msert and the vector with
approprrate restriction endonucleases Alternatlvely, appropriate restriction
enzyme sites can be englneered lnto a DNA sequence by PCR. A variety of
clonlng techniques are disclosed in Ausbel et al. Current Protocols in

-' Molecular Blology, John erey 503 Sons, Inc. 1997 and Sambrook etal,
Molecular Clonrng A Laboratory Manual 2d Ed., Cold Spring Harbour
Laboratory. Press, 1989. Such procedures and others are deemed to be
within the scope of those skilled in the art.

[0118]The vector'may. be, for example, in the form of a plasmid, a viral
particle, or a phage. Other vectors include derivatives of chromosomal,
nonchromosomal and synthetic DNA sequences, viruses, bacterial plasmids,
' phage DNA, baculovirus, yeast plasmids vectors derived from combinations
of plasmlds and phage DNA, viral DNA such as vaccinia, adenovrrus fowl pox
virus, and pseudorabres A vanety of cloning and expression vectors for use
with prokaryotlc and eukaryotlc.hoets are described by Sambrook et al.,
Molecular Clonin'g:»A Laboratory Manual, Second Edition, Cold Spring Harbor,
N.Y., (1989). |

[0119] Particular bacterial vectors which may be used include the
commercially available plasmids cornprising genetic elements of the well
known cloning vector pBR322 (ATCC 37017), pKK223-3 (Pharmacia Fine

- Chemicals, Uppsala, Sweden), pGEMt (Promega Biotec, Madison, WI, USA)
'pQE70, pQE60, pQE-9 (Qiagen), pD10, phiX174, pBluescript™ Il KS, pNH8A,
pNH16a, pNH18A, pNH46A (Stratagene), ptrc99a, pKK223-3, pKK233-3,
pDFl540, pRITS (Pharmacia), pKK232-8 and pCM?. Particular eukaryotic
vectors include pSV2CAT, pOG44, pXT1, pSG (Stratagene) pSVK3, pBPV,
pMSG, and pSVL (Pharmacia). However, any other vector may be used as
long as it is replicable‘and stable in the host cell.
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[0120] Thé host cell may be any of the host cells familiar to those skilled in the
art, including prokaryotic cells or eukaryotic cells. As representative examples
of appropriate hosts, there may be mentioned: babteria cells, such as E. coli,
Streptomyces lividans, Streptomyces griseofuscus, Streptomyces
ambofaciens, Bacillus subtilis, Salmonella typhimurium and various species
within the genera Pseudomonas, Streptomyces, Bacillus, and
Staphylococcus, fungal cells, such ;is yeast, insect cells such as Drosophila
© S2and Spodopiera Sf9, animal cells such as CHO, COS or Bowes
melanoma, and adenoviruses.’ Thé selection of an appropriate host is within
the abilities of those skilled in the art.
[0121] The vector may be introduced into the host cells using any of a variety
of téchniqqes, including electroporation transformation, transfection,
transduction, viral infecti_o_n; gene guns, or Ti-mediated gene transfer. Where
appropriate, the engineered host cells can be cultured in conventional nutrient
media modified as appropriaté for activating promoters, selecting
transformants or amplifying the genes of the present invention. Following
transformation of a sUitabie h_bst strain and growth of the host strain to an
-appropriate cell density, the selected promoter may be induced by appropriate
means (e.g., terhperature shift or chemical induction) and the cells may be
cultured for an additional period to allow them to produce the desired
polypeptide orlfragment thereof.
[01 22]Cells are typically harvested by centrifugation, disrupted by physical or
chemical means, and the resulting crude extract is retained for further
purification.' _'Mibrobial cells employed for expression of proteins can be
disrupted by 'any convenient method, including freeze-thaw cycling,
sonication, mechanical disruption, or use of cell lysing agents. Such methods
are well known to those skilled in the art. The expressed polypeptide or
fragment thérebf can be recovered and purified from recombinant cell cultures
. by methods including ammonium sulfate or ethanol precipitation, acid
extraction, anion or cation exchange chromatography, phosphocellulose
chromatography, hydrpphobic interaction chromatography, affinity
chromatogréphy, hydroxylapatité chromatography and lectin chromatography.
- Protein refolding steps can be used, as necessary, in completing configuration
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‘of the polypeptrde If desired, high performance Irqurd chromatography
(HPLC) can be employed for final purification steps.
[0123] Various mammalian cell culture systems can also be employed to
' eXpress recombinant protein. Examples of mammalian expression systems
include the COS-7 lines of monkey kidney fibroblasts (described by Gluzman,
Cell, 235175(1981)), and other cell lines capable of expressing proteins from a
'compatible vector, such as the C127, 3T3, CHO, HelLa and BHK cell lines.
The constructs in host cells can be used in a conventional manner to produce
the gene product encoded by the recombinant sequence. Polypeptides of the
invention may or may not also include an initial methionine amino acid
resrdue
[01 24]Alternat|vely, the polypeptrdes of SEQ ID NOS 2,4,6,8,10, 12, 14,
16, 19, 21, 23, 25, 27, 29, 31, .33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
57, 59, 61, 63, 65, 67,'69, 71,73, 75, 77 or fragments comprising at least 50,
75, 100, 150, 200 or 300 consecutive amino acids thereof can be synthetically
“produced by conventional peptide synthesizers. In other embodiments,
fragments or portions of the polynucleotides may be employed for producing
the corresponding full-length polypeptide by peptide synthesis; therefore, the
fragments may be employed as mtermedrates for producing the full-length
polypeptldes
' [01 25] Cell-free translation systems can also be employed to produce one of
R ‘the polypeptldes of SEQID NOS: 2,4,6,8,10, 12, 14, 16, 19, 21, 23, 25, 27,
29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,
69, 71, 73, 75, ‘77 or fragments _comprisin'g at least 50, 75, 100, 150, 200 or
300 consecutive amino acids thereof using mRNAs transcribed from a DNA
Aconst'ruct comprising a promoter operably linked to a nucleic acid encoding
the polypeptide or fragment thereof. In some embodiments, the DNA
construct may be linearized prior to conducting an in vitro transcription
reaction. The transcribed mRNA is then incubated with an appropriate cell-
free translation extract, such as a rabbit reticulocyte extract, to produce the
desired polypeptide or fragment thereof.
[0126] The preSent invention also relates to variants of the polypeptides of
SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
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39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 or
fragments comprising at least 50, 75, 1.00, 150, 200 or 300 consecutive amino
acids thereof. The term “variant” includes derivatives or analogs of these
polypeptides. In particulaﬁ the'variants may differ in amino acid sequence
from the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23,
25,27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63,
65, 67, 69, 71, 73, 75, 77 by one or more substitutions, additions, deletions,
fusions and truncations, Whibh méy_be présent in any 'c'ombination.

[0127] The variants may be naturally occurring or created in vitro. In
particular, such variants may be created using genetic engineering techniques
such as site directed m.utagenesi's, random chemical mutagenesis,
exonuclease IlI deletioh procedures, and standard cloning techniques.
Alternatively, such variants, fragments, analogs, or derivatives may be created
using chemical synthesis or modification procedures.

[0128] Other methods of méking variants are also familiar to those skilled in
the art. These include p’rocedureé in which nucleic acid sequences obtained
from natural isolates are modified to generate nucleic acids that encode

. polypeptides having characteristics which enhance their value in industrial or
laboratory appii_cations. In such procedures, a large number of variant
sequences having one or more nucleotide differences with respect to the
sequence obtained from the natural isolate are generated and characterized.
_Preferably, ihése nucleotide differences result in amino acid changes with
respect to the polypepiides encoded by the nucleic acids from the natural
isolates. -

[0129] For example, variants ma‘y be created using error prone PCR. In error
prone PCR, DNA amplifibatidn is performed under conditions where the
fidelity of the DNA polymerase is low, such that a high rate of point mutation is
obtained along the entire length-of the PCR product. Error prone PCR is
described in Leung, D.W., et al., Technique, 1:11-15 (1989) and Caldwell, R.
C. & Joyce G.F., PCR Methods Applic., 2:28-33 (1992). Variants may also be
created using site directed mutégehesis to generate site-specific mutations in
any cloned DNA segment of interest. Oligonucleotide mutagenesis is
described in Reidhaar-Olson, J.F. & Sauer, R.T., et al., Science, 241:53-57
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.(19_88). Variants mey also be created using directed evolution strategies such
as those described in US patent nos. 6,361,974 and 6,372,497. The variants
of the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25,
27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65,
67, 69, 71, 73, 75 and 77 may be variants in which one or more of the amino
acid residues of the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16,
19, 21, 23, 25, 27, 29, .3'1, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57,
59, 61, 63, 65, 67, 69, 71, 73,75 or 77 are substituted with a conserved or
non-consérved arhino acid residue (preferably a conserved amino acid
residue) and such substituted amino acid‘ residue may or may not be one
-encoded by the genetic code.

[0130] Conservative substitutions are those that substitute a given amino acid
-ina polypeptide'by another ami'no acid of like characteristics. Typically seen
as ooneewative substitutions are the following replacements: replacements of
an allphatlc amino acid such as Ala ‘Val, Leu and lle with another aliphatic
‘amlno acud replacement of a Ser W|th a Thr or vice versa; replacement of an
acidic residue such as Asp or Glu with another acidic residue; replacement of
a residue bearing an amide group,'such as Asn or Gin, with another residue
bearing an amide group; exchange of a basic residue such as Lys or Arg with
another basm re5|due and replacement of an aromatlc residue such as Phe
~orTyr W|th another aromatic residue.

. [0131] Other yanents are those in which one or more of the amino acid
residues of the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21,
23 25 27 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61,

63 85, 67, 69, 71, 73, 75, 77 include a substituent group. Still other variants
are those in which the polypeptlde is associated with another compound, such
“asa compound to increase the half-life of the polypeptide (for example,
polyefhylene glycol). Additional variants are those in which additional amino
ac_idsoare' fused to the polypeptide, such as leader sequence, a secretory
eequence, a proorotein sequence or a sequence that facilitates purification,
enrichment, or stabiliiation of the polypeptide.

[0132] In some embodiments, the fragments, derivatives and analogs retain
the same biological function or activity as the polypeptides of SEQ ID NOS: 2,
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4,6,8,10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55, 57, 59, 61; 63, 65, 67, 69, 71, 73, 75; 77. In other
embodiments, the fragmént, derivative or analogue includes a fused
heterologous séquencé that facilitatéé purification, enrichment, detection,
stabilization or secreﬁd’n of the polypeptide that can be enzymatically cleaved,
in whole or in part, away from the fragment, derivative or analogue.

[0133] Another aspect of the present invention are polypeptides or fragments
thereof which havé at least 70%, at least 80%, at least 85%, at least 90%, or
more than 95% identity td one of the polypeptides of SEQ ID NOS: 2, 4, 6, 8,
10, 12, 14 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, 55 57, 59, 61, 63 65, 67, 69 71, 73, 75 and 77 or a fragment
“comprising at Ieast 50, 75 100, 150 200 or 300 consecutlve amino acids
thereof. It will be appremated that amino acid “identity” includes conservative
substitutions such as those described above.

[0134] The polypeptides or fragments having homology to one of the
polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29,
31, 33,.35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71,73,75,77 ora fragment bompfising at least 50, '75', 100, 150, 200 or 300
consecutive arﬁi'no acids thereof may be obtained by isolating the nucleic
acids encoding therh using the techniques described above.

[0135] Alternatively, the hbmologous pblypeptides or fragments may be
obtained through biochemical enrichment or purification procedures. The
seduéh@é of 'pbtentially homologous polypeptides or fragments may be
determined by proteolytic digestion, gel electrophoresis and/or
microsequencing. The sequence of the prospedtive homologous polypeptide
or ffaghent can be ,com"pared to one of the polypeptides of SEQ ID NOS: 2, 4,
6,8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29,31, 33, 35, 37, 39, 41, 43, 45, 47,
49 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 or a fragment
comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150
consecutive amino acids thereof. .

[0136] The polypeptides of SEQ ID NOS: 2 4 6, 8 10, 12, 14, 16, 19, 21, 23,
25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63,
65, 67, 69, 71, 73, 75, 77 or fragments, derivatives or analogs thereof
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comprising at least 40, 50, 75, 100, 150, 200 or 300 consecutive amino acids
thereof invention may be used in a variety of applications. For example, the
polybeptideé or fragments, derivatives or analogs thereof may be used to
catalyze biochemical reactions as described elsewhere in the specification.
[0137] The polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23,
25, 27, 29, 31, 33, 35, 37, 39, 41, 43, .45, 47, 49, 51, 53, 55, 57, 59, 61, 63,
65, 67, 69, 71, 73, 75, 77 or 'f?agments; derivatives or analogues thereof
comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150
consecutive amino acids thereof,kmay also be used to generate antibodies
which bind specifical'l.y fo the polypeptides or fragments, derivatives or
analogues. The antibddies'generated from SEQ ID NOS: 2, 4, 6, 8, 10, 12,
14,16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53,

- 55, 57, 59, 61, 63, 65, 67,: 69, 71, 73, 75, 77 may be used to determine

~ whether a biological samble' contains Streptomyces aizunensis or a related
microorganism. o

‘ [0138]In such procedures, a biological sample is contacted with an antibody
capable of specifically binding to one of the polypeptides of SEQ ID NOS: 2,
4,6,8,10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55, 57, 59, 61, 63, 6_5, 67, 69, 71, 73, 75, 77 or fragments
comprising at least 5, 10, 1'5, 20, 25, 30, 35, 40, 50, 75, 100, or 150
consecutive amino acids thereof. The ability of the biological sample to bind
to the antibody is theh deterrhined; For example, binding may be determined
by labeling the antibody with a detectable label such as a fluorescent agent,
~a_n enzymatic label, or é radioisotope. Alterhatively, binding of the antibody to
the-sample may be detected using a secondary antibody having such a
detectable label thereon. A variety oflassay protocols which may be used to
detect the presence of a polyketide-producer or of Streptomyces aizunensis or
. of polypeptides related to SEQ ID NOS: 2,4,6,8, 10,‘12, 14, 16, 19, 21, 23,
25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63,
65, 67, 69, 71, 73, 75, 77 in a sample are familiar to those skilled in the art.
Particular éssays include ELISA assays, sandwich assays,
radioihmunoassays, and Weste'rn Blots. Alternatively, antibodies generated
frorﬁ SEQID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35,
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37; 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,73, 75,77
may be _use'd to determine whether a biological sample contains related
pblypeptidés that may be involved in the biosynthesis of polyketides.

[61 39] Polyclonal antibodies generated against the polypeptides of SEQ ID
_NOS: 2,4,6,8,10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,
43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 o
fragments comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150
consecutive amino acids thefeof can be obtained by direct injection of the
-polypeptides into an animal or by 'admihistering the polypeptides to an animal,
preferably a nonhuman. The antibody so obtained will then bind the
pdlypeptide itself. In this manner, even a sequence 4encoding only a fragment
- of the pdlypeptide can be used to generate antibodies that may bind to the
whole nativé pblypeptide. Such antibodies can then be used to isolate the
polypeptide from' cells expressing that polypeptide. ‘

[0140] For prepération 6f monoclonal antibodies, any technique that provides

. antibodies produced by continuous cell line cultures éan be used. Examples
include the hybridoma technique (Kholer and Milstein, 1975, Nature, 256:495-
~ 497), the trioma téchnique, the human B-cell hybridoma technique (Kozbor et
al., 1983, Immunbldgy Todéy 4:72), and the EBV-hybridoma technique (Cole,
et aI'., 1985, in.MonocIonal ’An'tibédie's and Cancer Therapy, Alan R. Liss, Inc.,
pp. 77-96). A -

[0141] Techniques described for the production of single chain antibodies
(U.S. Patent 4,946,778) can be adapted to produce single chain antibodies to
the polypeptides of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 19, 21, 23, 25, 27,
29, 31, 33, 35, 37 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,
69, 71, 73,'75, 77 or fragments comprising at least 5, 10, 15, 20, 25, 30, 35,
40, 50, 75, 100, or 150 consecutive amino acids thereof. Alternatively,
transgenic mice may be used to express humanized antibodies to these
polypeptides or fragments thereof.

[0142] Antibodies generated-agai'nst the polypeptides of SEQ ID NOS: 2, 4, 6,
8, 10, 12, 14, 16, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53,'55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77 or fragments comprising
at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino
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acids thereof may be used in screening for similar polypeptides from a sample
containing organisms or cell-free extracts thereof. In such techniques,
polypeptides'from the sample are contacted with the antibodies and those
bolypepfides which specifically bind the antibody are detected. Any of the
procedures described above rhay be used to detect antibody binding. One
such screening assay is described in “Methods for measuring Cellulase
Activities”, Methods in Enzymology, Vol 160, pp. 87-116.

[0143]In order to identify the function of the genes in the compound 2(a)
locus, ORFs 1 to 38 were compared, using the BLASTP version 2.2.1
'algorfthm with the default parameters, to sequences in the National Center for
Bibtechnology Information (NCBI) nonredundant protein database and the
DECIPHER® database of microbial genes, pathways and natural products
(Ecopia BioSciences Inc. St.-Laurent, QC, Canada).

[0144]The accession numbers of the top GenBank hits of this Blast analysis
are preserit'ed in Table 1 along with the corresponding E values. The E value
relates the expected number of chance alignments with an alignment score at
least equal to the observed alignmenf score. An E value of 0.00 indicates a
perfect homolog. The 'E,valuesA are caiculated as described in Altschul et al. J.
Mol. Biol., 215, 403-410 (1990). The E value assists in the determination of
whether two sequences display sufficient similarity to justify an inference of
homology. | '
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‘[0.1 45] The gene product of each of ORFs 1-38 in the compound 2(a) locus is
assigned a protein family based on sequence similarity to the structure of known
proteins.as determined in Table 1. A putatlve functlon is attributed to each gene
product.of the compound 2(a) Iocus b|osynthet|c locus based on the known
function of members of the respectlve protein families. Each protein family is
referred to by a four-letter’ designation used throughout the description and
figdres.' Fof exémple, members of protein family ABCD including the gene
product of ORF 21 (SEQ ID NO: 43) are transmembrane transporters; members
of protein family ADHY mcludmg the gene product ORF 33 (SEQ ID NO: 67) are
amndmohydrolases members of protem famlly ADSN mcludmg the gene-product
of ORF 34 (SEQ ID NO: 69) are adenylation/condensing enzymes; members of
protei'n families AYTF end AYTP including ORFs 19 and 35 (SEQ ID NOS: 39
and 71) are acyltransferases members of protem family CALB are acyl CoA
Ilgases mcIudmg ORF 27 and 36 (SEQ ID NO: 55 and 73); members of protein
family CTFC mcludlng ORF 32 (SEQ ID NO: 65) are .
carboxyltransferase/decarboxylases members of protein families DEPA and
DEPL including ORFs 25 and 22 (SEQ ID NOS: 51 and 45) are
dehydratase/eplmeras_es, membe_rs of protein family EPIM including ORF 23

. (SEQ ID NO: 47) are epimerises; members of protein family GTFA including ORF

9 (SEQ ID NO: 19) are glycosyl transfe‘}r.ases‘; members of protein family MEAY
including ORF 20 (SEQID NO: 41) are membrane proteins; members of protein

family NUTA including ORF 24 (SEQ ID NO: 49) are nucleotidyltransferases;
members of protein family PKSH incleding ORFs 10, 11, i2, 13, 14, 15, 16, 17
and 18 (SEQ ID NOS: 21, 23, 25, 27 29, 31, 33, 35 and 37) are polyketide

~ synthase, type | proteins; members of PPTF protein family including ORF 29

(SEQ ID NO: 59) are phosphopantetheinyl tfansf_erases; members of protein

~family REGD ineluding ORFs 3 and 31 (SEQ ID NOS: 6 and 63) are

‘ trahscriptional regulators; members of protein family RREB including ORF 4
(SEQ ID NO: 8) are response regulators; members of protein family SPKK
including ORF 5 (SEQ ID NO: 10) are sensory pretein kinases; members of
protein family TESA including ORFs 2 and 26 (SEQ ID NOS: 4 and 53) are
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thioesterases; and members of protein family TMOA including ORF 28 (SEQ ID
NO'»57) ere monooxygenases. A mpre Adetailed description of the function of
each proteln family is provuded in-Table 2. The correlatlon between structure and
functlon for each protein famlly is provnded in Table 2.

Table 2 ' '

Protein

Family Function

ABCD ABC transporter; ATP-binding cassette transmembrane transporter; includes
proteins with similarity to Mdr proteins of mammalian tumor cells that confer
" Jresistance to chemotherapeutic agents. :

.Jamidinohydrolase; agmatlne ureohydrolase; hydrolyzes linear amidines; requires
APHY manganese for catalysns and contalns a conserved His important for catalytic
ffunction - .

. Adenylating/condensing synthase; amide synthase; enzymes able to activate
ADSN [substrates as acyl adenylates and subsequently transfer the acyl group to an
amino group of the acceptor molecule ’

AYTE acyltransferase; acyl CoA- -acyl carrler protein transacylase includes malonyl
- CoA-ACP transacylases

AYTP [acyltransferase; pyndoxal phosphate dependent; includes 5-aminolevulinate
synthase a glycyl transferase that condenses glycine and succinyl-CoA.

CALB "|acyl CoA ligase; shows similarity to plant coumarate CoA ligases, other aryl CoA
ligases, yeast CoA synthetase and aminocoumarin ligases.

carboxyltransferase/decarboxylase; carboxyltransferase component of acetyl-
CoA carboxylase, generally a 2 subunit component, this family consists of a
fusion of the beta and alpha subunits (beta-alpha).

'DEPA [dehydratase/epimerase; dTDP-glucose 4,6-dehydratases, catalyze the second
- Istep in 6-deoxyhexose biosynthesis.

'DEPL [dehydratase/epimerase; similar to StrL dTDP-dihydrostreptose synthase; OleU
4-ketoreductase; SnogC putative dTDP-4-dehydrorhamnose reductase

CTFC -

. epimerase; NDP-hexose epimerase; TDP-4-ketohexose- 3,5-epimerases,
EPIM  |convert TDP-4-keto-6-deoxy-D-glucose to TDP-4-keto-6-deoxy-L-mannose
(TDP-4-keto-L-rhamnose). ‘ ‘

GTFA [glycosyl transferase.
MEAY |membrane protein; putative transporter, permease -

NUTA nucleotidyltransferase; dNDP-glucose synthase; alpha-D-glucose-1-phosphate
thymidylyltransferase; catalyze the first step in 6-deoxyhexose biosynthesis.

PKSH |polyketide synthase, type |.

‘PPTE |phosphopantetheinyl transferases, required for activation of both PKSs and
' NRPSs from inactive apo forms to active holo forms.

REGD _ftranscriptional regulator

69



3004-SUS

RREB [response regulator; similar to response regulators that are known to bind DNA
and act as transcriptional activators

SPKK Isensory protein kinase.

TESA lthioesterase.

TMOA [monooxygenase; strong similarity to plasmid-encoded tryptophan-2-
monooxygenases. '

UNAK_Junknown; homolog of S. coelicolor hypothetical protein

UNEW Junknown; similar to putative integral membrane protein in S. coelicolor

: unknown; domain homology to many bacterial putative membrane proteins;
UNEX [contain so-called "bacterial membrane flanked domains" found in an
uncharacterised family of membrane proteins that have one to three copies of
the domain flanked by transmembrane helices.

UNFI  [unknown; similar to putative membrane proteins

[0146] Biosynthesis of Compound 2(a) involves the multimodular type | polyketide
. synthase system (PKS) of ORFs 10 to 18 (SEQ ID NOS: 21, 23, 25, 27, 29, 31,
33, 35 and 37) illustrated in Figure 1. Type | PKSs are large modular proteins
that condense acyl thioester units in a sequential manner. PKS systems consist
of one or more polyfunctional polypeptides each of which is made up of modules.
Each type | PKS module contains three domains; a B-ketoacyl protein synthase
(KS), an acyltransferase (AT) and an acyl carrier protein (ACP). Domains
'conférring additional enzymatic activities such as ketoreductase (KR),
dehydratase (DH) and enoylreduétase '(ER) can also be found in the PKS
modules. These additional dorhains result in various degrees of reduction of the
- B-keto groups of fhe growing polyketide chain. Each module is responsible for
one round of condensation and reduction of the B-ketoacyl units. There is a
direct correlation between the number of modules and the length of the
polyketide chain as well as between the domain cdmposition of the modules and
the degree of reduction of the polyketidé product. The final polyketide product is
réleased from the PKS protein through the action of a thioesterase domain found
in the ultimate module of the PKS system. The genetic organization of most type
| PKS eniymes is colinear with the order of biochemical reactions giving rise to
the polyketide chain. One skilled in the art will readily understand that these
features allow prediction of polyketide core structure based on the architecture of

70



3004-9US

the PKS modules found in a gnven biosynthetic pathway [Hopwood Chem. Rev.,
97 2465-2497 (1997)].

[0147] The compound 2(a) Iocus PKS system is composed of ORFs 10 to 18
(SEQ ID NOS: 21, 23, 25, 27, 29, 31, 33, 35 and 37) and comprises a total of 27
modules described in Tablé 3. The first module contains only an ACP domain
and corresponds to the loading module (module 0) whereas each of the
remaining 26 modules contain domains KS, AT and ACP in various combinations
with KR, DH and ~ER domains. The thioesterase domain present in ORF
18/module 26 indicates that this module is the ultimate one in the biosynthesis of
‘the polyketide chain. Dehydratase domains in modules 6 and 11 as well as
ketoreductase domain in module 12 appear to be inactive due to the presence of
non-consewati\ke amino acid residues in highly conserved regions important for

catalysis.
Table 3 .
' compound 2(a) locus PKS domain coordinates
ORF  SEQIDNO Amino Acid Nucleic Acid Homology Module
"no. . Amino acid/ ~ -Residue no.
Nucleic acid ‘

10 21/22 . 57-118 169-354 ACP | 0
S 2122 - 141-566 - 421-1698 KS

2122 . 597-1031 1789-3093 AT 1
2122 " 1304-1517 3910-4551 KR
21/22 "1603-1664 4807-4992 ACP
21/22 1690-2118 5068-6354 KS

21/22 ' 2135-2562 6403-7686 AT 2
2122 2833-3045 8497-9135 KR
2122 " 3130-3191 9388-9573 ACP
2122 - 3215-3640 9643-10920 KS
21/22 . 3660-4089 10978-12267 AT

21/22 - 4102-4208 12304-12624 DH 3
21/22 " 4612-4829 13834-14487 KR
21/22 . 4911-4972 14731-14916 ACP
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11

12

13

21/22
21/22
Co21/22

21/22

21/22

21/22
21/22
21/22

23/24

.. 2324
- 23/24

23/24
23/24

23/24

23/24
23/24

. 23/24

25026
. 25/26

25/26
25/26
25/26

25/26
25/26

25/26
25/26

25/26
- 25/26

25/26
25/26

- 25/26 -

25/26
25/26
25/26
25/26

27/28
27/28

27/28

5007-5438
5460-5883
6147-6360

' 6444-6505

6529-6954

 6979-7402

7703-7918

'~ 8002-8063

37-462
493-919
932-1038
1411-1672
1706-1767

1794-2215
2232-2659
2960-3173

3258-3319

36-461
483-907
919-1027

1439-1655 -

1736-1797

1831-2256
2281-2714

2981-3194

3287-3339

© 3361-3786
. 3803-4225
 4494-4706
. 4795-4856

4880-5304
5323-5748
5761-5866
6294-6510

6599-6660

35-460
484-920
1195-1406

72

15019-16314
16378-17649

© 18439-19080

19330-19515

19585-20862
20935-22206
23107-23754
24004-24189

109-1386
1477-2757
2794-3114
4231-4881
5116-5301

5380-6645
6694-7977

- 8878-9519

9772-9957

106-1383
1447-2721
2755-3081
4315-4965
5206-5391

5491-6768

6841-8142

8941-9582
9832-10017

10081-11358
11407-12675

. 13480-14118

14383-14568

14638-15912
15967-17244
17278-17598
18880-19530
19795-19980

103-1380
1450-2760
3583-4218

KS

AT

KR
ACP

KS

AT

KR
ACP

KS
AT
DH*
KR
ACP

KS

AT

KR
ACP

KS
AT
DH
KR
ACP

KS

AT

KR
ACP

KS

AT

KR
ACP

KS
AT
DH*
KR
ACP

KS
AT
KR*
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1_4. .

15

.16

27/28

29/30
29/30
29/30

29/30

" 29/30

29/30
29/30

29/30 -

29/30

' 29/30 -
- .29/30
- 29/30

29/30

29/30

31/32
31/32
31/32
31/32

- 31/32

31/32

O 31/32.
©o31/32- -

31/32

31/32

31/32
31/32

-31/32
31/32

31/32

33/34
33/34
33/34
33/34

33/34
33/34
33/34
33/34

1490-1551

- 35-460

-487-918
1219-1431

. 1514-1575

1602-2027
2046-2473

2486-2592
2980-3196
3287-3339

3363-3788

- 3810-4237:
' 4249-4355

4760-4976

L 5069-5'1 24

35-460
480-914

926-1032
© 1423-1639

1737-1798

1822-2247
2263-2690
2703-2809
3188-3404

3483-3544

3568-3993
4017-4442
4456-4562
4978-5194
5285-5346

35-460 -
481-917
1205-1416
1500-1561

'1585-2010
- 2067-2505
| 2786-2998
13083-3144

73

4468-4653

103-1380
1459-2754
3655-4293
4540-4725

4804-6081
6136-7419
7456-7776
8938-9588

9832-10017

10087-11364
11428-12711
12745-13065
14278-14928

15187-15372

103-1380
1438-2742
2776-3096
4267-4917
5209-5394

5464-6741

6787-8070

. 8107-8427
9562-10212

10447-10632

10702-11979
12049-13326
13366-13686
14932-15582
15853-16038

103-1380
1441-2751
3613-4248
4498-4683

4753-6030
6199-7515
8356-8994
9247-9432

ACP

KS

AT

KR
ACP

KS
AT
DH
KR
ACP

KS
AT
DH
KR
ACP

KS
AT
DH
KR

- ACP

KS
AT
DH
KR
ACP

KS
AT
DH
KR
ACP

KS

AT

KR
ACP

KS
AT
KR

ACP
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17 35/36
- 35/36

35/36

35/36

35/36

35/36

35/36 -

35/36
~ 35/36
35/36
35/36

35/36
35/36

35/36

35/36
35/36

35/36
35/36
35/36
35/36
35/36

18 37/38
- 37/38

37/38

37/38

37/38

37/38
37/38
37/38
37/38
37/38
37/38

40-465
503-941
954-1060
1456-1672

1751-1812

1835-2260
2281-2718
2731-2837
3188-3546
3551-3767
3846-3907

3932-4357
4373-4803
4815-4921
5300-5516
5597-5658

5686-6111

6131-6557.
6572-6678
7062-7288
7363-7424

34-459
502-926

© 938-1044

1420-1636
1715-1776

1799-2224
2247-2673
2686-2792

3203-3419 .

3513-3574
3649-3872

118-1395
1507-2823
2860-3180
4366-5016
5251-5436

5503-6780

6841-8154

8191-8511
9562-10638
10651-11301
11536-11721

11794-13071
13117-14409
14443-14763
15898-16548
16789-16974

17056-18333
18391-19671
19714-20034
21184-21834
22087-22272

100-1377
1504-2778
2812-3132
4258-4908
5143-5328

5395-6672

6739-8019

8056-8376
9607-10257
10537-10722
10945-11616

KS
AT
DH
KR
ACP

KS
AT
DH
ER
KR

ACP

KS
AT
DH
KR
ACP

KS
AT
DH
KR
ACP

KS
AT
DH
KR
ACP

KS
AT
DH
KR
ACP
TE
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21

22

23

24

25

26

[0148] One skilled in the art would understand that all KS domains are functional

as the muitiple amino acid alignment of KS domains present in the compound

‘ 2(a) locus PKS system (Figure 2) shows an overall similarity of domains and

conservation of amino acid residues and domain regions important for activity.
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~ Similarly, multiple amino acid‘alignment of AT domains (Figure 3), ER domains
(Figure 5), ACP domains (Eigure 7) and TE domains (Figure 8) show an overall
similarity of related domains arid’a high conservation of protein regions and of
amino acid residues important for cataiy'tic activity. The domains that occur only
once in the compound 2(a) Ibcus PKS, namely the ‘enoylreductase (ER) domain
in ORF 17 (SEQ ID NO: 35) and the thioesterase (TE) domain in ORF 18 (SEQ
ID NO: 37_) are 'com‘pared to prototypical domains from the nystatin type |
polyketide system (Figures 5 and 8) (see Brauteset et al., supra).

~ [0149] Comparison of DHAdomains found in the compound 2(a) locus PKS

indicates a high conservajionI of _émir'ib_ acid residues important for catalytic

' acﬁvity (Figure 4). However, two DH domains are inactive as they contain non-

- conservative émino acid substitutions in a region of high sequence conservation.

As highlighted in Figure 4, the DH domain of module 6 in ORF 11 (SEQ ID NO:

23) and the DH domain of module 11 in ORF 12 (SEQ ID NO: 25) contain

_ substitutions of charged amino acids arginine and glutamic acid respectively for

non-charged aliphatic amino acids.

- [0150] Comparison of KR domaihé foh'nd in the compound 2(a) locus PKS

_ system also displayé a conservation.of' active sites and amino acid residues

important for catalysis with the éxception of the KR domain of module 12 found in

ORF 13 (SEQ ID NO: 27). Figure 6 shows the presence in that module of a

substitution of a glutamine (Q) for a highly conserved tyrosine (Y) amino acid

residue; This non-conservative amino acid substitution results in the inactivation

' '6f the énzymatic activity of the KR domain of module 12 in ORF 13 (SEQ ID NO:
27) (ORF13_pKRO1).

[0151] Phylogenetic analysis of the compound 2(a) locus PKS AT domains was

- conducted to assess fhe nature of the B-keto acyl units that are incorporated in

~ the growing polyketide chain. The compound 2(a) locus PKS AT domains were

compared to two domains,'AAF7_1 779mod03 and AAF71766mod11, derived from

the nystatin PKS system [Brautaset, supra] and specifying the incorporation of

malonyl-CoA and methylmalonyl-CoA respectively. Figure 9 shows the

phylogenetic relatednéss of the various AT domains indicating that, in the
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compound 2(a) locus PKS, ORF 13 (SEQ ID NO: 27) module 12 as well as ORF
16 (SEQ ID NO: 33) modules 19 and 20 incorporate methylmalonate in the
polyketide chain whereas all remaining AT domains incorporate malonate
- extender B-keto acyl units. |
[01 52] Domain analysns of the compound 2(a) locus PKS system provides clear
indication as to synthesis of the polyketlde core structure. While not intending to
" be limited to any particular mode of 'action or biosynthetic scheme, the nature and
‘organization of the compound 2(a) locus PKS modules can explain the synthesis
~ of Compound 2(a). Figure 10 highlights schematically a series of reactions
éa'talyzed by the' polyketide synthase system based on the correlation between
the deduced domain architecture and the polyketide core of the compounds 2(a).
Type | PKS domains and the reactions they carry out are well known to those
skilled in the art and well documented in the literature; see for example,
Hopwood, supra. _
[61 53] A biosynthetic pathway for the production of the y-aminobutyryl-CoA
~ starter unit is also shown. The gene brdduct of ORF 28 (SEQ ID NO: 57), a
member of protein family TMOA catalyzes the decarboxylative oxidation of
| arginine forming 4-guanidinobutanamide. The gene product of ORF 33 (SEQ ID
NO: 67), a member of protein family ADHY, catalyzes hydrolysis of the amidino
group forming y-aminobutanamide that is further activated by either ORF 27 or 36
(SEQ ID N‘OS: 55 and 73 respectively), both members of protein family CALB, to
give y-aminobutyryl-CoA (Figure 10a). The gene product of ORF 19 (SEQ ID
- NO: SEQ ID NO: 39), a member of protein family AYTF, loads this unusual
extender unit onfo the ACP dorhain of the loading module (module 0) of ORF 10
(SEQ ID NO: 21), a member of protein family PKSH, as illustrated in Figure 10b.
The polyketide chain continues to grow by the sequential condensation of
malonyl-CoA and methylmalonyl-CoA extender units that are further reduced by
specific domains to various degrees.' Dehydratase domains found in module 6 of
ORF 11 (SEQ ID NO: 23) and module 11 of ORF 12 (SEQ ID NO: 25) as well as
- the ketoreductase domain found in module 12 of ORF 13 (SEQ ID NO: 27) are
- inactive and consequently do hot catalyze their respective reductive reactions.
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The mature polyketide chain is then released through the action of the
thioesterase domain found in module' 26 of ORF 18 (SEQ ID NO: 37), a member
of protein family PKSH as illustrated in Figure 10b. The polyketide core structure
expected from the architectufe of the PKS domains of the compound 2(a) locus is
entirely consistent with the polyketide portion of the compound 2(a).

[0154] The compound 2(a) locus contaihs genes involved in the synthesis of two
other Components found in the _chemicél structure of the compound 2(a) locus.
Figure 11a illustrates a biosynthetic pathway for the production of the
aminohydroxy-cyclopentenone moiety found in the C6mpound 2(a) locus. The
gene product of ORF 35 (SEO ID NO: 71), a member of protein family AYTP,
condenses glycine with subcinyI-CoA forming 5-aminolevulinate. This
intermediate is further activated through the action of either the gene products of
ORF 27 or 36 (SEQ ID NOS: 55 and 73 respectively), both members of protein
family CALB, forming 5-aminolevulinate-CoA that may spontaneously cyclize to ‘
produce aminohydroxycyclopentenone. This moiety is subsequently condensed
to the activated carboxy terminus of the polyketide chain through the action of the
gene product of ORF 34 (SEQ ID NO: 69), a member of protein family ADSN as
illustrated in Figure 10c. - '

[0155] Figure 1 1b depicts the biosynthetic pathway of the deoxysugar component
of Compound 2(a). The gené product of ORF 24 (SEQ ID NO: 49), a member of
protein family NUTA, activates D-glucqsé forming dNDP-D-glucose that is
subsequently dehydrated through the action of the gene product of ORF 25 (SEQ
ID NO: 51), a member of protein family DEPA, forming dNDP-4-keto-4, 6-
dideoxy-D-glucose. The gene product of ORF 22 (SEQ ID NO: 45), a member of
protein family DEPL, further reduces this intermediate forming dNDP-D-fucose
that is subsequently epimerized by the gene product of ORF 23 (SEQ ID NO:
47), a member of protein family EPIM, p_roducing dNDP-L-rhamnose.

[0156] The final deoxysugar moiety is transferred onto a hydroxyl group of the
polyketide core structure through the action of a glycosyltransferase, i.e. the gene
product of ORF 9 (SEQ ID NO: 19), a member of protein family GTFA, as
illustrated in Figure 10c. Figure 10c proposes one scheme in regard to timing of
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.the reactlons catalyzed by the gene product of ORF 34 (SEQ ID NO: 69), a
member of proteln family CALB and by the gene product of ORF 9 (SEQ ID NO:

A 9),a member of proteln famlly GTFA. However, it will be readily understood
that the mventlon does not resnde in the actual timing and order of the reactions
as deplcted in Flgure 10c. ,

[0157] Additional proteins formlng the compound 2(a) Iocus include the gene

_prqduct of ORF 2 (SEQ ID NO: 4) and a member of protein family TESA which is
expected to having polyketide-priming editing functions; the gene products of
.ORFs 3, 4,-5 and 31 (SEQ ID NOS: 6, 8, 10 and 63), members of protein families
REGD, RREB, SPKK and REGD fespectively, are expected to regulate synthesis
of Compound 2(e);‘ the gene prodths of ORFs 6 and 21 (SEQ ID NOS: 12 and
43), members of protein families U_NEW and ABCD respectively, are involved in

: transmembrane transpert' and the gene product of ORF 29 (SEQ ID NO: 59), a
member of protein family PPTF, actlvates ACP domains through
phosphopantethelnylatlon _

[0158] Structural modification of compound of Formula | and Formula |l and

- Compound 2(a) are attained by the genetic modlflcatlons of the compound 2(a)

locus. Genetic modifications of PKS biosynthetic loci are well known in the art.

- The WO 01/34816 patent publication teaches the construction of a library of
structural vafiants of the macrolide polyketide rapamycin derived from the genetic
modification of genes in the locus that directs rapamycin synthesis. The genetic
modifications taught, include ,Q'ene ihactivation, gene insertion and gene

‘replacement. These ‘modific.ations’, both individually and in combination at
different positions within the rapamycin locus, resulted in alteration of polyketide
starter units, chaiin Iengih and hydroxyl sterospecificities in rapamycin. Similarly,
McDaniel et.al. [Proc Natl Acad Sci USA, 1999, 96:18646-51] generated a library
of over 50 derivatives of the macrolide antibiotic erythromycin using a

~ combination of genetic modifications including gene inactivation, macrolide chain

length and hydroxyl sterospecnflcny modlflcatlons of the erythromycin

biosynthesis genes.
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[0159] The elucidation of the nucleic acid sequences that encodes the
biosynthesis of Compound 2a pro\)ides the biological tools to enable one skilled
in the art to genetically modify the biosynthetic pathway to generate variants of
the Compound 2a. In particulé.r, Type | PKS systems may be manipulated by
c_:hangihg the number of modules, their specificities towards carboxylic acids, and
by 'ir;activating or inserting domains with reductive activities (Katz, Chem. Rev. v.
- 97, 2557-2575, 1997). Thus, the polyketide synthase system of Compound 2(a)
may be engineered by modifying, adding, or deleting domains, or replacing them
with those taken from other Type | PKS enzymes. Compounds of Formula | may
be prbduced usihg a modified PKS system created based on the polyketide
synthase system for the produ_ctioh of Compound 2a. Preferred modified PKS
systems are those wherein a KS, AT, KR, DH or ER domain has been inactivated
or deleted.': o

[0160]In one aspect, the inventiOn is directed to preparation of a polyketide of
Formula I or Il resulting from a modified polyketide synthase system, which
modification include deletions, mutagenesis, inadtivation or replacement of one or
more of the domains of the invention. The modified polyketide synthase system
produces compounds of Formula | that may differ from the compound of Formula
- 2a in size, degree of saturaiion and oxidation. In anofher aspect, the invention is
directed to compounds of Forrhﬁla | or Il produced by genetic modification of the
pdlyketide, synthase system for the compound 2(a) locus.

- [0161] The compounds of this invention may be formulated into pharmaceutical

‘ corﬁpositions comprised of COmpounds of Formula | in combination with a
pharmaceutically acceptable carrier.

[Oj 62] The compounds of this in\)entiqn are useful in treating bacterial infections,
fungal infections and cancer. A |

[0163]Molecular terms, when ’used in this application, have their common
meaning unless otherwise specified. '

[0164]The term alkyl refers to a linear or branched hydrocarbon group.
Examples of alkyl groups include, without limitation, methyl, ethyl, n-propyl,
isopropyl, n-butyl, pentyl, hexyl, heptyl, cyclopentyl, cyclohexyl, cyclohexymethyl,
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and thé like. Alkyl grbup_s may optionally be substituted with one or more
substituents selected from acyl, amino, acylamino, acyloxy, carboalkoxy,
carboxy,' carboxyamido, cyano, halo, hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl,
cycloalkyl, heterobyclyl aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl, oxo,
guanidino and formyl. .

[01 65]The term alkenyl refers to a linear, branched or cyclic hydrocarbon group
contalmng at Ieast one carbon-carbon double bond. Examples of alkenyl groups
include; without limitation, vinyl, 1-propene-2-yl, 1-butene-4-yl, 2-butene-4-yl, 1-

o péntene—5-yl and the like. Alkenyl groups may optionally be substituted with one

.or more substituents selected from acyl, amino, acylamino, acyloxy, carboalkoxy,
'4 carboky,'carboxyamido, cyano, halo, -hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl, formyl,
oxo and guanidino. The double bond portion(s) of the unsaturated hydrocarbon
chain may be eith'er in the cis or trans configuration.
[01 66] The term cycloalkyl or cycloalkyl ring refers to a saturated or partially
unsaturated carbocyclic ring in a single or fused carbocyclic ring system having
from three to fifteen ring members. Examples of cycloalkyl groups include,
without Iirhitation cyclopropyl -¢yclobutyl, cyclohexyl, and cycloheptyl. Cycloalkyl
groups may optlonally be substituted with one ore more substituents selected
from acyl, amino, acylammo acyloxy, carboalkoxy, carboxy, carboxyamido,
cyano, halo, hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl and formyl.
[0167] The term heterocycloalkyl, heterocyclic or heterocycloalkyl ring refers to a
saturated or partially unsaturated ring containing one to four hetero atoms or
hetero groups selected from‘O, N NH, NR*, PO,, S, SO or SO in a single or
- fused heterocyclic ring system having from three to fifteen ring members.
Examples of heterocycloaky! groups include, without limitation, morpholinyl,
piperidinyl, and pyrrolidinyl. Heterocycloalkyl groups may optionally be
substituted with one or more substituents selected from acyl, amino, acylamino,
acyloxy, OXO, thiocarboriyl, imino, carboalkoxy, carboxy, carboxyamido, cyano,
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hélo, hydrokyl, nitro, thio, alkyl, alkenyl, alkyhyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, alkoxy, Varyloxyi sulfinyl, sulfonyl and formyl.

[0168] The term amino acid refers to a natural amino acid, a synthetic amino acid
" ora synthetic der?vative' of a natural amino acid. Examples of natural amino
acidé include, but are not limited to alanine, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine,
mefhionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and
valine. " o

[0169] The térm halo is defined as a bromine, chlorine, fluorine or iodine atom.
[0170] The term aryl oraryl fing refers to an aromatic group comprising a single
io'r fused ring 'system,'having from five to fifteen ri'ng members. Examples of aryl
groups include, without limitation, phenyl, naphthyl, biphenyl, terphenyl. Aryl
groups may optionally be substituted with one or more substituent group selected
from acyl, ,amirllo_, acylamino, acyloxy, azido, alkythio, carboalkoxy, carboxy,

: carboxyami"do‘, cyano, halo, hydroi(yl, nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, al'koxy,'aryloxy, sulfinyl, sulfonyl and formyl.
[0171]The ter'm' heteroaryl or heteroaryl ring refers to an aromatic group
comprising a single or fused ring system, having from five to fifteen ring members
and containing at least one hetero atom such as O, N, S, SO and SO..
Examples of heteroaryl groups include, without limitation, pyridinyl, thiazolyl,
thiadiazoyl, isoquinolinyl, pyrazolyl, oxazolyl, oxadiaioyl, triazolyl, and pyrrolyl
grbups. Heteroaryl groups may. optiohally be substituted with one or more
substituent groups selected from dcyl, amino, acylamino, acyloxy, carboalkoxy,
carboxy, carboxyamido, cyano, halo, AhydroAxyI, nitro, thio, thiocarbonyl, alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl,
sulfonyl, and formyl.

[0172] As used herein, the term “treatment” refers to the application or

' admin‘istratio_ri of a therabeutic agent to a patient, or application or administration
of a therapeutic agent to an.isolated tissue or cell line from a patient, who has a
disqrder, eg.,a diéease or condition, a symptom of disease, or a predisposition
toward a disease, with the pufpose'to cure, heal, alleviate, relieve, alter, remedy,
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améliorate, improve, or affect the disease, the symptoms of disease, or the

prédisposition toward disease. |

[(_)173] As used herein, a “pharmaceutical composition” comprises a

* pharmacologically effective amount-of a farnesyl dibenzodiazepinone and a

pharmacehtically acceptable carrier. As used herein, “pharmacologically

effective amount,” “therapéutic'élly effective amount” or simply “effective amount”
refers to that amount of a farnesyl dibenzodiazepinone effective to produce the

intended pharmacological, therapeutic or preventive result. For example, if a

'given c'IinicaI treatment is considered effective when there is at least a 25%

" reduction in a measurable‘pa‘rameter associated with a disease or disorder, a
therapeutically effective amount of a drug for the treatment of that disease or
disorder is the amount neceséafy to effect at least a 25% reduction in that
parameter. B
[0174] The term “pharmaceutically acceptable carrier” refers to a carrier for
édministration of a therapeutic agent. Such carriers include, but are not limited
to, saline, buffered saline, dexirose, water, glycerol, ethanol, and combinations
thereof. Thé term specifically excludes cell culture medium. For drugs
administered orally, pharmaceutically_abceptable carriers include, but are not
limited to pharmacéutically acceptable excipients such as inert diluents,
disintegrating agents, binding agents, lubricating agents, sweetening agents,

-flavoring agents, coloring agents and preservatives. Suitable inert diluents

" include sodium and calcium carbonate, sodium and calcium phosphate, and

| Iabtose, while corn starch and alginic acid are suitable disintegrating agents.
Binding‘agents may include sfarch and gelatin, while the lubricating agent, if

present, will generally be magnesium stearate, stearic acid or talc. If desired, the

tablets may be coated with a material such as glyceryl monostearate or glyceryl
distearate, to delay absorption in the gastrointestinal tract.

[0175] Pharmaceutically accéptable salts include acid addition salts and base
addition salts. The nature of the salt is not critical, provided that it is
pharmaceutically-acceptable. Without being limited, examples of acid addition
salts include hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulphuric,
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phpéphoric, fofmic, acetic, citric, tartaric, sUccinic, oxalic, malic, glutamic,
propionic, egCOIic, gluéonic, m_a‘leic,‘e‘rhbonic (pamoié), methanesulfonic,
ethanesulfonic 2-hydroxyethanesulfonic, pantothenic, benzenesulfonic,
toluenesulfomc sulfanilic, mesyllc cyclohexylaminosulfonic, stearic, algenic, B-
hydroxybutync ma|on|c galactantuc galacturomc acid and the like. Suitable
pharmaceutlcally acceptable base addltlon salts of compounds of the invention
include, but are not ||m|ted.tc,>, metalhc salts made from aluminium, calcium,

' I‘it'h"ium, magneSiurh, potassium, sodium and zinc or organic salts made from |
N,N’-dibenzylethylenediamine, bhldroprocaine, choline, diethanolamine,
ethylenediamine, N-methylglucamihe, lysine, procaine and the like. Additional
4éxan'1'ples of ph.érmaceut'ically acceptable salts are listed in Journal of
Pharmaceutical Scienceé 1977, 66:2. All of these salts hay be prepared by

- conventional means form the correspondlng compounds of Formula | by treating
with the appropriate acid or base.

[0176]The compounds of the present invention can possess one or more
asymetric carbon atoms and can exist as optical isomers forming mixtures of
rééemic or non-racemic compounds. The compounds of the present invention
"are useful as a single isbmer or as a mixture of stereochemical isomeric forms.
Di‘astereoisorhers ie., nonsuperimposable stereochemical isomers, can be
seperated by conventional means such as chromatography, distillation,
crystalllzatlon and subllmatlon The optncal isomers can be obtained by
resolution of the racemic mixtures according to conventional processes.
[0177]Thé invention embraces isolated compounds. An isolated compound
refers to a compound which represents at least 10%, 20%, 50% and 80% of the
compound 6f the present ihv_éhtion present in a mixture, provided that the mixture
combrising the compound of the invention has démonstrable (i.e. statistically

. significant) biological activity including antibacterial, antifungal or anticancer

- ‘activity when tested in conventional biological assays known to a person skilled

- inthe ant:
[0'1.78] The compounds of the present invention, or pharmaceutically acceptable
salts thereof, can be formulated for oral, intravenous, intramuscular,
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subcutaneeus, topical or parenteral administration for the therapeutic or
prophyléctiC'treatrnent of diseases, particularly bacterial and fungal infections.
For oral or parental admrnrstratlon compounds of the present invention can be
mlxed with conventional pharmaceutlcal carriers and excipients and used in the

form of tablets, capsules, elixirs, suspensions, syrups, wafers and the like. The

qdmpositions comprising a compound of this present invention will contain from

about 0.1% to ebout 99.9%, about 5% to about 95%, about 10% to about 80% or

about 15% to about 60% by weight of the active compound.

[0179] The pharmaceutical preparations disclosed herein are prepared in

accordance with standard procedures and are administered at dosages that are

. selected to reduce, prevent, or eliminate bacterial and fungal infection or the

- cancer (See, e.g., Remington’s Pharmaceutical Sciences, Mack Publishing

~ Company, Easton, PA and Goodman and Gilman’s the Pharmaceutical Basis of

“Therapeutrcs Pergamon Press New York, NY the contents of which are
incorporated herein by reference, for a general description of the methods for
administering various antimicrobial agents for human therapy). The compositions
of the present invention can be delivered using controlled (e.g., capsules) or
sustained release delivery systems (e.g., bioerodable matrices). Exemplary

~ “delayed release delivery systems for drug dellvery that are suitable for

‘administration of the compositions of the invention (preferably of Formula ) are
described in U.S. Patent Nos 4,452,775 (issued to Kent) 5,239,660 (issued to
Leonard), 3,854,480 (issued to Zaffaronl)

- [0180] The pharmaceutically- acceptable compositions of the present invention

comprise one or more compounds of the present invention in association with

| one or more non-toxic, pharmaceutically-acceptable carriers and/or diluents

_ ,ar\d/o_r adjuvants and/or excipients, collectively referred to herein as “carrier”
materials, 'end if desired other active ingredients. The compositions may contain

‘common c'ejrriers and exetpients, such as corn starch or gelatin, lactose, sucrose,
microcrystalline celltr|ose, kaolin, mannitol, dicalcium phosphate, sodium chloride
and algirtic acid. The compositions may contain crosarmellose sodium,
microcrystalline cellulose, sodium starch glycolate and alginic acid.
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.[0181] Lubricants that can be used include magnesium stearate or other metallic
étearates, stearic acid, silicon fluid, talc, waxes, oils and colloical silica.
[01 8_2] Flavduririg agents such as péppermint, oil of wintergreen, cherry
flavouring or the like can also be used. It may also be desirable to add a coloring
agent to make the doéage form more esthetic in appearance or to help identify
the prod‘uct comprising a compound of the present invention.
[0183]For oralvadministratiorll,' the pharmaceutical compositions are in the form
.of, for example, a tablet, capsule, éuspension or liquid. For oral use, solid
formulations éuch as tablets and capsules are particularly useful. Sustained
released or enterically coated preparations may also be devised. Tablet binders
that can be included are acacia, methylcellulose, sodium carboxymethylcellulose,
pquvinylpyrrolidone (Providone), hydrdxypropyl methylcellulose, sucrose, starch
" and éthylcelluloée. For pediatric and geriatric applications, suspension, syrups
and chewable tablets are especially suitable. The pharmaceutical composition is
preferably made in the form of a dosége unit containing a therapeutically-
effective amount of the active ingredient. Examples of such dosage units are
: tabléts and capsules. For thefapéutic purposes, the tablets and capsules can
contain, in addition to the active ingfedient, convehtional carriers such as binding
agents, for example, acacia gum, gelatin, polyvinylpyrrolidone, sorbitol, or
tragacanth; fillers, for example, calcium phosphate, glycine, lactose, maize-
starch, sorbitol, or sucrose; lubricants, for example, magnesium stearate,
boly_ethylené,glycol, silica or talc: disintegrants, for example, potato starch,
flavoring or coloring agents, or acceptable wetting agents. Oral liquid
preparations generally are in the form of aqueous or oily solutions, suspensions,
emulsions, syrups or elixirs mayn contain conventional additives such as
suspending agents, emulsifying agents, non-aqueous agents, preservatives,
coloring agents and'flavoring agents. Examples of additives for liquid
preparations include'acacia; almond oil, ethyl aIcohoI,Afractionated coconut oil,
: gélatin, glucose syrup, glycerin, hydrogenated edible fats, Iécithin, methyl
cellulose, methyl or propyl para-hydroxybenzoate, propylene glycol, sorbitol, or
sorbic acid.
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[0184] For intravenous (IV) use, cofnpounds of thé present invention can be
~ dissolved or suspended in a.n"y of the commonly used intravenous fluids and

N administered by infusion. Intravenous fluids include, without limitation,
thSidIogiéal saline or Ringer’s solution.
[01 85] Form‘ulations for pare_ntal administration can be in the form of aqueous or
non-équeous isotonic sterile injection solutions or suspensions. These solutions
or suspenSions can be prepared from_éterile pow‘ders or granules having one or
more of the carriers mentioned for use in the formulations for oral administration.

The compounds can be dissolved in polyethylene glycol, propylene glycol,
| ethanol, corn oil, beﬁzyl alcohol, sodium chloride, and/or various buffers.
‘ [0.1 86] For intramuscular preparatiohs, a sterile formulation of compounds of the
present inyéntion or suitablv,e _soluble' salts forming the compound, can be
dissolved and'adrhinis'tered in a pharmaceutical diluent such as Water-for-
Injection (WFI), physiological éaline or 5% glucose. A suitable insoluble form of
the compound may be prep’ared and administered as a suspension in an
aqueous base or a pharrﬁacéutically acceptable oil base, e.g. an ester of a long
, chain fatty acid such as ethyl oleate. o

[0187] For topical use the compounds of present invention can also be prepared
in suitable forms to be applied to the skin, or mucus membranes of the nose and
' t‘hro'at, and can take the form of créams, ointments, liquid sprays or inhalants,

" lozenges, or throat painfs. Such topical formulations further can include chemical
compounds such as dimethylsulfoxide (DMSO) to facilitate surface penetration of
the active ingredient. |
4 [01 88] For applidation to the eyes or ears, the compounds of the present
invention can be presented in liquid or semi-liquid form formulated in hydrophobic
or hydrophilic bases as ointments, cfeams, lotions, paints or powders.

[0189] For rectal administrati_oh the compounds of the present invention can be
'administered' in the form of suppositories admixed with conventional carriers such
as cocoa butter, wax or other glyceride.

[0190] Alternatively, the compound of the present invention can be in powder
form for reconstitution in the appropriate phérmaceutically acceptable carrier at
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the time of delivery. In another embodiment, the unit dosage form of the
compound can be a solutionA 'of the cbmpdund or a salt thereof in a suitable
diluent in Stérile, hermet'icall.y se:aled‘ ampoﬁles. |
[0191] The amount of the compound of the present invention in a unit dosage
comprises a therapéutically-effective amount of at least one active compound of
the présent invention which may vary depending on the recipient subject, route
ahd frequenéy of administration. A recipient subject refers to a plant, a cell
culture or an animal such as an ovine or a mammal including a human.

[0192] According to this aspect of the present invention, the novel compositions
disclosed herein are placed in a pharmaceutically acceptable carrier and are
delivered to a fecipient subject (including a human subject) in accordance with
known methods of drug delivefy. In general, the methods of the invention for
deli\/ering the compositions of the invention in vivo utilize art-recognized
protocbls for delivering th"e agent with the only substantial procedural modification
being the substitution of the compounds of the present invention for the drugs in
- the art-recognized protocols. -

[0193] Likewise, the methods for using the claimed composition for treating cells
in culture, fcjr example, to eliminate or reduce the level of bacterial or fungal
co'.ritaminétion Qf é cell culture, utilize art-recognized protocols for treating cell

~ cultures with antibacterial or antifungal agent(s) with the only substantial
procedural modification being the substitution of the compounds of the present
invention for the agents used in the art-recognized protocols.

[0194] The compounds of the present invention provide a method for treating
bacterial infections, fungal infections and pre-cancerous or cancerous conditions.
As used herein the term unit dosage refers to a quantity of a therapeutically-
effective amount of a compound of the present invention that elicits a desired
therapeutic response. As used herein the bhrase therapeutically-effective
émount means an amount of a compound of the present invention that prevents
the onset, alleviates the symptoms, or stops the progression of a bacterial
infection, fungal infection or pré-cancerous or cancerous condition. The term

. treating is defined as administering, to a subject, a therapeutically-effective
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amourit of at least orte compound ot the present invention, both to prevent the
occurrence of a bacterial or fungal infection or pre-cancer or cancer condition, or
to. control or eIirhinat_e a bacter,iel or.fungal irtfectiort or pre-cancer or cancer
condition. The term' desired therepeutic'respohse refers to treating a recipient
subject with a compound of the present invention such that a bacterial or fungal
infection or pre-cancer or cancer condition is reversed arrested or prevented in a
recipient’ sub|ect '
_ [0195] The compounds of the preseht invention can be administered as a single
daily_dose orin multiple doses per day. The treatment regime may require
'adr_ninistrati‘on over eXtended periods of time,'e.g., for several days or for from
tWo to fcur weeks. The am‘cun't per administered dose'orthe total amount
administered will depend on s'uch factors as the nature and severity of the
) irtfection the age and ger\erat health of the recipient subject, the tolerance of the
: recrpnent subject to the compound and the type of the bacterial or fungal infection,

or type of cancer. ' .
[0196]A compound according to this inventicn may also be administered in the
diet or feed of a patient or animal. ,'The:die_t for anirnals can be normal foodstuffs
to which the compound can be added or it can be added to a premix.
[0197] The compounds of the present invention may be taken in combination,
~ together or separately with any' known clinically approved antibiotic, anti-fungal or
: anti- cancer to treat a recipient subject in need of such treatment.
[01 98] Compounds of Formula | are obtained biosynthetically by cultunng
- Actinomycetes species in growth media described in Table 4, at temperatures
between 24°C — 34°C and with shaking to aerate of the culture medium for 3 to
40 days. The compounds of Formula | are extracted and isolated from the

- bacterial culture by methods known to a skilled person including centrifugation,
~ - chromatography, adsorption, fi_ltration,‘extraction or other methods of separation.
[0199] The compounds of Formula | may be biosynthesized by various
: rrticroorganisms.‘ Microorganisms that may synthesize the compounds of the
present invention include but are not Iimited to bacteria of the order
Actinorrtycetales, also referred to as actinomycetes. Non-limiting examples of
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members belonging to the genera of Actinomycetes include Nocardia,
Geodermatophilus, Actinoplanes, Micromonospora, Nocardioides, Saccharothrix,
Amycolatopsis, Kutzneria, Saccharomonospora, Saccharopolyspora,
Kitasatospora, Streptomyces, Microbispora, Streptosporangium, Actinomadura.

~ The taxonomy of actinomycetes is complex and reference is made to Goodfeliow
(1989) Suprageneric classification of actinomycetes, Bergey’s Manual of
Systematic Bacteriology, Vol. 4, Williams and Wilkins, Baltimore, pp 2322-2339,
and to Embley and Stackebrandt, (1994), and The molecular phylogeny and
systematics of the actinomycetes, Annu. Rev. Microbiol. 48, 257-289 (1994), for
genera that may synthesize the compounds of the invention, incorporated herein
in their entirety by reference.

[0200] Microorganisms biosynthetically producing compounds of Formula | are
cultivated in culture media containing known nutritional sources for
actinomycetes having assimilable sources of carbon, nitrogen plus optional
inorganic salts and other known growth factors at a pH of about 6 to about 9,
non-limiting examples of growth media are provided in Table 4 below.
Microorganisms are cultivated at incubation temperatures of about 20° C to about
40° C for about 3 to about 40 days.
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Table 4. Examples of Growth Media for Production of Compounds of Formula |

Comp nent

VA

QB

GA**

MA

NA

KH

OA

HA

RM

EA

KA

CA

pH'b

7

7.2

7.5

7

7

7

6.85

7

5.7

7

Glucose

50

12

10

10

10

10

10

5

10

10

Sucrose

103

340

100

Lactose

50

Cane molasses

10

15

Soluble starch

10

25

Potato dextrin

20

40

Corn steep

Corn steep

10

Dried yeast

Yeast extract

Malt extract

Pharmamedia™

10

Glycerol

20

15

NA-Amine A

10

Soybean

15

10

Soybean flour

30

10

Beef extract

Bacto-peptone

MgSO,.7H,0

MgCl,. 6H,0

10.12

CaCO;

NaCl

)]

(8]

(NH,), SO,

K> SO,

0.25

0.25

MnC|2.4H20

0.1

MgCl,.6H,0O

10

FeClp.4H,0

0.1

an|2

0.1

Thiamine

0.1

Casamino acid

0.1

0.1

Proflo oil

MOPS

21

Trace element
solution ** mIL

Unless otherwise indicated all the ingredients are in gm/L.
*3Trace elements solution contains: ZnCl, 40 mg; Fe Cl3 6H,0 (200 mg); CuCl, 2H,0O (10 mg);
MnCl,.4H,0; NayB4O7.10H,0 (10mg); (NH4) ¢ M0;024 .4H,0 (10 mg) per litre.
** Dissolve components in 800 m| water and autoclave, later add: 10 m! KH,PO, (0.5% solution);
80 ml CaCl,.2H,0 (3.68 % solution); 15 ml L-proline (20% solution); 100 ml TES buffer ( 5.73%

solution, pH 7.2); 5 ml NaOH (1N solution), and 2 ml of trace elements solution.
** The pH is to be adjusted as marked prior to the addition of CaCQO;in those media containing it.
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[0201]The culture media inoculated with the microorganisms which
biosynthetically produce compounds of Formula |, may be aerated by incubating
the inoculated culture media with ag-itation, for example shaking on a rotary
shaker, or a shaking water bath. Aeration may also be achieved by the injection
of air, oxygen or an appropriate gaseous mixture to the inoculated culture media
during incubation.

[0202] After cultivation and production of compounds of Formula |, the
compounds can be extracted and isolated from the cultivated culture media by
techniques known to a skilled person in the art and/or disclosed herein, including
for example centrifugation, chromatography, adsorption. For example, the
cultivated culture media can be mixed with a suitable organic solvent such as n-
butanol, n-butyl acetate and 4-methyl-2-pentanone, the organic layer can be
separated for example, by centrifugation followed by the removal of the solvent,
by evaporation to dryness or by evaporation to dryness under vacuum. The
resulting residue can optionally be reconstituted with for example water, ethanol,
ethyl acetate, methanol or a mixture thereof, and re-extracted with a suitable
organic solvent such as hexane, carbon tetrachloride, methylene chloride or a
mixture thereof. After removal of the solvent, the compound of Formula | can be
further purified by the use of standard techniques such as chromatography.
[0203] The compounds of Formula | that are biosynthesized by microorganisms

- may optionally be subjected to random and/or directed chemical modifications to
form compounds that are derivatives or structural analogs of compounds of
Formula |. Derivatives or structural analogs of compounds of Formula | having
similar functional activities are within the scope of the present invention.
CompoUnds of Formula | may optionally be modified using methods known in the
art and described herein.

[0204] Unless otherwise indicated, all numbers expressing quantities of
ingredients and'properties such as molecular weight, reaction conditions, 1Cs
and so forth used in the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the present specification and
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attached claims are approximations. At the very least, and not as an attempt to

limit the application of the doctrine of equivalents to the scope of the claims, each

‘numerical parameter should at least be construed in light of the number of

significant figures and by applying ordinary rounding techniques.

[0205] Notwithstanding that the numerical ranges and parameters setting forth

the ‘broad scope of the invention are approximations, the numerical values set in

the examples, Tables and Figures are reported as precisely as possible. Any

numerical values may inherently ccntain certain errors resulting from variations in

experiments, testing measurements, statistical analyses and such.

~ [0206] The compounds of Formula |, Formula Il and compound 2(a) may

optionally be chemically modified USihg methods known in the art and described

herein. | .

[0207] The "compounds of the invention are made by biofermentation and well-

known chemical schemes. The schemes described herein are exemplary, any

chemical synthetic process known'to a person skilled in the art providing the
structures described herein, may be used and are therefore comprised in the

| present invention.

SCHEME 1 Acylation Reactions

EDC = 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide

Protective groups include N-benzyloxycarbony! (CBZ), N-butoxycarbonyl (BOC),
N-fluoren-9-ylmethoxycarbonyl (FMOC) ‘

R." represents Ci.¢ aikyl, C..¢ alkenyl, aryl or heteroaryl

AA represents a naturally occurring amino acid
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1. EDC = N-protected AA

- | 2. Deprotection, e.g.
H,/Pd, TFA. etc.
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Scheme 2. Aminations/reductive aminations of t rminal nitrogen

.Rl as previously defined . o .
hnL R SH R N
2 \/\;’{ - —> A \/?Ji
A \' -
' Shiff's base
: H,O
NaBH;CN

R1\/n\/}i

Scheme 3. Olefin reactions

" m-chloroperoxybenzoic acid

‘ aq. NaOH or aq. HCI

OH

%

‘OH

'\ T Hyp, PA/C %
> /\/ 2 > - 2
A "LLL 100 psi .%L

. ' H
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Scheme 4. Ketone reactions

0
JL NaCNBH3
VH.L rprr
0
Jl\ R8—NH,
‘:LLL ‘J:{ -
- H50
i i
) r,:f A \' i
- H,0

Scheme 5. O- Reactions

R!, R® and RO are as peviously defined.

- R! and R? are as previously defined.

o

R8
.‘/
N

|
s

HN
NaCNBH3
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' RS RS
HO OH ><
o1 1
. stkne ﬁ;LL ‘JJ\J
‘ -
. B 5 6
OH _ OH : \ R R
o)

. - %&J\/Hf

- Scheme 6. Hydrolysis/Esterification

0] © :
A ) ~ag. HCl or aq. NaOH 355 J\
. ' > N
:\r;\\/“\ ~x oH
: OH dizomethane
. | J
o - 0
OH | ‘\
: , N CHs3
. : , éf\/ o/
aq. HCl OH

Y %
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[0208] Scheme 1 is used to obtain Compounds 2(m), 2(n), 2(0), 2(p), 2(q), 2(r),
2(s), 2(t), 2(u), 2(v), 2(w), é(x), 2(y), 2(z), 2(aa), and 2(ab) from Compound 2(a).
[0209] Scheme 3 is used to obtain Compound 2(b) from Compound 2(a).

- [0210]Scheme 4 is used to obtain Compounds 2(c), 2(d), 2(e) and 2(f) from
'Compound 2(a). . A

[0211]Scheme 6 is used to obtain Compounds 2(g), 2(h), 2(i) and 2(j) from
Compound 2(a). |

Example 1 Production of Compound 2(a) by Fermentation
| Example 1(A)ﬁ Preparation of Strain [CO3U03]023

[0212] Strain'[CO_3]023: Streptomycés aizunensis NRRL B-11277 was plated on
three tomato paste oatmeal agar (ATCC medium 1360) plates for sporulation at

_ 28 °C. The plates were incubated for a period of 5-7 days, after which spores
_ were collected from each plate into 5 ml sterile distilled water, spun down by
centrifugatidn at 5000 rpm (10 min), and dispersed in 20 ml sterile water. After a
| second centrifugation under the same Conditions the pellet was resuspended in
10 ml sterile distilled water.'A' series of ten-fold dilutions of the original spore
~ suspension 'were prepared and 0.5 ml aliquots plated on tomato paste-oat meal
_ agaf until sporulation occurred (5-7 days). Each individual clone from the plates
with single well-isblated colonies _(generatéd from 10 to 107° dilutions of the
spore suspension) was chbse_n and transferred to one plate of tomato paste-oat
" meal agar to generate spores for storage. Each clone was grown in 25x150 mm
. glass tubes for its production of Compound 2(a). A total of 385 clones were
tested for production levels of Compound 2(a). Clone [C03]023 showed a
production of 3 times better than the wild-type strain. This clone was chosen,
- stored, and used for mutagenesis. -
"[021 3]Strain [CO3U03]023: An aqueous spore suspension of [C03]023 was
§ mutagenized by UV radiation (254 nm) at different energy levels (expressed as
-mdJoules per surface area). Clone [C03U03]023 obtained at 0.4 mJ/1 cm? showed
slightly more t_hah three times better production than the parent clone [C03]023.
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Production of Compbund 2(a) by the new clone has been consistently
reproducible both in shaken flask (500 ml medium QB or VA in 2-L baffled flasks)
and in 100-L fermentors with medium VA.

Exémple 1(B) Activation of lyophilized sample of Strain [CO3U03]023
[0214] Strain [C03U03]023 was provided as a lyophilized pellet. The lyophilized
sample was opened under aseptic conditions, and 0.3-0.5 ml of medium ITSB

was added to the sample to make a cell suspension. The cell suspension was
- transferred to 25 ml of medium ITSB (described below) in a 125-ml flask to form
a |iquid culture. The liquid culture was incubated at 28 °C for 3-5 days until visible
' gro’wfh :o'ccurr_ed. Purity of the culture was tested by streaking a loop on ISP2
agar plate.

Example 1(C): Preparation and Storage of glycerol stocks of Strain [C03U03]023
. [0215]Strain [CO3U03]023 was grown for 7-10 days at 28°C on several tomato
paste-oat meal agar plates. Surface Qrowth was collected from each plate into 5

ml sterile distille_d'water, spun down by centrifugation at 5000 rpm (10 min), and
dispersed in 10 mi sterilewat'er. After a second centrifugation under the same
conditions the pellet was fesuspended in 2 ml sterile 25% glycerol and 0.5-ml
aliquots were stored at —80 °C in screw-capped vials. In addition to the glycerol
stocks, the collected cell mass could be resuspended in 15% sterile skim milk
and dispensed in'0.5-mAl aliquots into glass ampoules and lyophilized following
standard procedures.

Example 1(D): Preparation of Seed Culture

[0216]A vial containing frozen mycélia prepared as described in Example 1(C)
was taken out of freezer and kept on dry ice. Under aseptic conditions, a loopfull
of _the‘froze'n cUIture was taken and streaked on the surface of tomato paste-oat
meal agar plate and incubated at 28°C until vegetative mycelium appeared (5-7
days). In order to start the seed culture, 2-3 loopfull of the surface growth
obtained from the tomato paste-oat meal agar plate was transferred to a 1.5-ml
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Eppendorf tube bontaining 300 pl of medium ITSB. The mycelium with agar
fragments was homogenized, and 1 ml of medium ITSB was added to the
suspension. The content was used to inoculate two 125-ml flasks containing 25
ml of sterile medium ITSB. The flasks were incubated at 28°C for 65-70 hours in
a rotary shaker at 250 rpm. This seed cUItUre was then used to inoculate
- production medium QB or VA. |

Example 1(E): Production of Compound 2(a) by Fermentation

[0217]A sample of the seed culture prepared as described in Example 1(D)

- above was checked fnic'rds’copically for any possible contamination. A sample of
| the seed culture was then streaked onto one ISP2 plate (control plate) and
incubated at 28 °C. From the seed cul_iure under aseptic conditions, 10 ml was

taken and used to inoculate each 2 Liter baffled flask containing 500 ml of sterile
| medium QB or VA. The fermentation batches were incubated aerobically with
~shaking (250 rpm) at 28°C for a period of 7 days. After 3-5 days of incubation the
control plate was checked for purity of the culture.

- [0218] The compositions of the growth media used in Examples 1(A) — 1(E) are
- given below. Note that either of Production media QB or VA may be used in the
produ'ction of Compound 2(a); however, production' medium VA is preferred when
" donducting the fermentation on a large scale.

Seed Medium ITSB: :
| Trypticase Soy Broth _ (Difco) 30¢

Yeast extract (Sigma) 3g
. MgSO, (Sigma) o | 29
Glucose (Sigma) ' 59
Maltose (Sigma) ' | | 4g

- Distilled water - _ 1L

Production Medium VA
Glucose 50g

Soybean Flour o | 30g
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CaCO; 6g
NaCI 59
"(NH)2S0, 3
Distilled water 1L

Production Medium QB: ,
Soluble starch (Sigma) 10g

Glucose (Sigma) 12g
Pharmamedia (Traders protein) 109
Corn steep liquor (Sigma) : 5¢
Proflo oil (Traders Protein) 4mL"
Distilled water 1L

* Adjust pH to 7.2, then add Proflo oil

. Tomato paste Oatmeal Agar:

- Baby Oatmeal Food (Heinz) 209
Tomato Paste 20 g

~Agar o : 159
Tap water IR 1L
oH 7.0 - o

[0219] The production of Compound 2(a) may also be carried out in the
production media having the compositions as indicated in Table 4, supra, in order
of preference.

Example 2 Isolation of Compound 2(a)
[0220] Thirty minutes prior to harvest of Compound 2(a) from the fermentation
broth of the baffled flasks of Example 1E, regenerated, water-washed, Diaion

- HP-20® in a quantity of wet-packed volume equal to 12% of the initial

fermentation beer volume was added to the whole fermentation broth of Example
1E and modest agitation was continued for 30 minutes. At harvest the
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fermentation broth from 2 x 500 ml flasks was centrifuged and the supernatant
was deqanted from the resin and mycelia pellet. The pellet was resuspended in
15% MeOH in water (half the origihal fermentation beer volume), agitated mildly
- and recéntrifuged, and the surpernatant was decanted from the residue. The
| residue was washed a second time in the same manner with another 15% MeOH
~ in water, followed by a single final wash with methanol:water (7:3 v/v) (half the
original fermentation beer volume) to obtain a well-washed residue. The well-
washed mycelia:resin residue was extracted three times with 100% ethanol, each
extract being at 20% original beer volume. The three extracts were combined
and concentrated under vacuum on a rotary evaporator, to dryness.
[0221] The three extracts (representing material from 2 x 500 ml flasks) were
combined, filtered on paper and concentrated under vacuo to remove organic
solvents. The resulting semi-solid residue (aqueous suspension) of crude
Compound 2(a) representéd greater than 90% of the respective compounds
produced and was about 25% pure. The aqueous suspension was freeze-dried
. overnight to give 460 mg of a dark brown solid. The solid was stirred with 10 mi
 of methanol and céntringed for 2 minutes to remove insoluble matter.
[0222] The semi-solid residue of crude Compound 2(a) was then purified using a
Waters Xtérra® preparative MS C-18 column with 10 pm packing of dimensions
19 mm diameter x 150 mm length, using the following gradient table (Table 5)
from 5mM aqueous ammonium bicarbonate to abetonitrile. "

Table 5:
Time (min) % Aqueous | % Acetonitrile
0 . 70 30
5 __ 45 55
10 70 . 30

[0223] The eluate was monitored at 390 nm, a single run was loaded with 23 mg
~ of crude residue in 0.5 ml of methanol, and a conservative cut of the peak eluting
| at 3.4 minutes afforded compound 2(a). Nineteen runs were conducted to yield
33 mg of product with about 95% purity.
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Examgl 3 Structural D t rmination of Compound 2(a)

[0224] The étructure of compound 2(a) was determined by a combination of
genomic information and spectroscopic data, including Mass, UV, and NMR
spectroscopy. The Mass was determined by electrospray mass spectrometry to
be 1297 (Figure 13) and the UV Amax Were found to be 31 9, 333, 350 (Figure 14).
The NMR data we_ré collected at 500 MHz with the compound 2(a) dissolved in
MeOH-d4, and included proton (Figure 15A), carbon-13 (Figure 15B), and
multidime'nsional pulse seduences gDQCOSY, gHSQC, gHMBC, and TOCSY
(Figures 15C, 15 D, 15E and 15F, respectively). |

[0225] StreptomycéS'aizunénsis NRRL B-11277 was grown on oat meal agar

. platec for 5-7 days. The surface growth was collected and washed with water,

. - -and DNA was extracted following standard procedures (T. Kiesser et al. Practical

'Stfeotomyces Genetics, The John Innes Foundation, Norwich, UK, 2000). The
genomic library was produced in cosmid and plasmid vectors, and the genome
was scanned for the presénce of gene sequence tags (GSTs) related to the

~ biosynthesis of secondary metabolites as described in E. Zazopoulos et al.,
Nature Biote'chnology 21:187-190 (2003). The GSTs were used to isolate

" cosmids containing the compound 2(a) locus. The PKS system found within the
' compound 2(a) locus was determined to contain 9 PKS genes containing 27
modules. (The analysis of this PKS system is fully described elsewhere herein;
'see, e.g.; Table lll and accompanying text). - Full analysis of the PKS and

‘associated genes led to the prediction of a structure of Formula 1 below.

H
Hi H
L . | Hy
: ' H
Hf - g SV Ve Vg VG
’ - . H, . . © CH;CH, H H

The position of the glycosidic Iihkage to the sugar moiety could not be

- determined by the genomic analysis; however, the positioning of the
aminohydroxycyclopentehone unit was determined by analogy with its placement
_ in other actinomycete metabolites (Colabomyci'n A from Streptomyces
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griseoflavus Tue 2880, J. Antibiot. 1988, 41, 1178-85, 1186-1195 or Enopeptin-A
frorﬁ Streptomyces griseus, Osada et al., J. Antibiot. 44, 1463-6 1991).
[0226]To obtain expression of these genes; and the end product of this
~ biosynthesis pathway, S. aizunénsis NRRL B-11277 was grown in several
different media designed for the production of secondeiry metabolites in shaken
flasks. At harvest the broth was diluted with an equal volume of methanol to
induce cell Iysis,' and the diluted, clarified broth was concentrated 10 fold. An

- aliquot (50 uL) from the concentrate from each medium was chromatographed on
i a Waters Xterra C-18 HPLC column (19 x 150 mm) at a flow rate of 1mL/min and
monitored by diode array detector (DAD) UV and positive and negative ion MS.
Fractions (800 L) were collected and tested for antimicrobial activity against a
panel of indicator strains. From the extracts of several different media, HPLC
fractions in the number 39 to 45 region exhibited strong activity against Candida
albicans and this correlated with a UV absorption Amax 319, 333, and 351 nm, and
- with strong MS peaks at m/z 1298 (positive ion mode) and 1296 (negative ion
mode). These physical chafacteristics were entirely consistent with a metabolite
of formula 1.
[0'227]A high yielding medium was chosen and the organism was regrown on a
2-liter scale. The compound 2(a) was extracted from the mycelial pellet with
'. methanql and acetone, and from the broth with Diaion HP-20® resin, from which it
was recovered with methanol after the resin had been washed with
"methanol/water 3:2. The crude extracts were purified by HPLC on a Waters
| Xterra C-18 column (19 x 150 mrh) using an aqueous (5 mM ammonium
bicarbonate) / acetonitrile gradient. -
[0228] Compound 2(a), a yellow soIi‘d of MW 1297 Da (C-oH10sN202g requires
1296.75) Amax 319, 334, and 351' nm was the subject of a series of 1D and 2D
NMR measurements including a CMR, 'H- NMR gDQCOSY, gHSQC, gHMBC,
TOCSY, gHSQCTOXY, and several 1D TOCSY experiments. See Figures 15A —
15E. Analysis of these spectra led to the assignments shown for compound 2(a)
in Figure 17. Although cohsiderable overlap of signals rendered unambiguous
assignments of all of the signals to specific p'rotohs and carbons impractical,
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those that could be made unambiguously confirmed the structure predicted from
the genomics. A major cross peak in the gHMBC spectrum between the well

~ separated proton resonance at 4.01 ppm and the anomeric carbon at 102.6 ppm
' p!acéd the sugar as shown, as this préton falls within a 14 carbon section of the

- major chain with fully assigned carbon and proton signals. A well resolved carbon
spectrum with high signal to noise ratio showed that the unassigned methylene
carbons were at 42.0, 45.3, 45.4 and 46.6 ppm. Analysis by gHSQC indicates
that that these were attached to protons at 2.24, 1'.62, 1.50 and 1.68, and 1.55
ppm respectively. Similarly the unassigned carbinols at 66.2, 66.2 (resolved),
67.2 and 69.0 ppm attached to protons at 4.06, 4.08, 4.22 and 3.89 ppm

- respectively énd the unassigned olefinic carbons at 129.1, 131.0, 131.9, 133.3,
133.7, 134.3, 134.8, 136.5, and 138.0 ppm attached to protons at 5.72, 5.72,

- 6.28, 6.25, 6'.28, 6.25, 6.19, 5.53, ahd 5.86 respectively. The

* aminohydroxycyclopentenone signals were not straightforward and reflected the
tautomeric equilibrium of this moiety. The upfield methylene signal and the
downfield carbonyl signals were only 10% of the intensity of those from the other
tautomer. The signal from C-1 of this moiety was not detected, a phenomenon

" which has been previouslylas'c.ribed to tautomerization for the same structural
unit. See, He, H.; Shen, B.;, Korshalla, J.; Siegel, M.M.; Carter,G.T. J. Antibiot.
2000, 53, 191~195.

Example 4 Minimal Inhibitory Concentration (MIC) Determination for
Compound 2(a) A

[0229] The MIC determination for fungal and bacterial organisms was performed
using the broth m'icrodilution assay adapted from National Committee for Clinical
Laboratory'Standards (NCCLS) M_27-A (V‘ol. 17 No. 9, 1997), Reference Method
-~ for Broth Dilution Antifungal Susceptibility Testing of Yeasts; Approved Standard
guidelines: M23-A: Reference' Method for Broth Dilution Antifungal Susceptibility
" Testing of Filamentous Fungi; Approved Standard, vol. 22, No. 16.
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Materials:

1) Overnight broth cultures 'Qf bacterial and fungal strains to be tested;

2) Stock solution of Corﬁpound 2(a) at 3.2 mg/ml in DMSO;

3) Standard 96 well round-bottom plates, sterile;

4) Cation:a_djusted M.ueller-Hir;aton broth, or Brain Heart Infusion broth (for

- - antibacterial testing); |

5) MorpholinepropanesuIfonic acid (MOPS)-buffered RPMI-1640 medium (for
antifungal testing); | |

6) Sterile isotonib saline (0.85%);

7) McFarland 0.5 Barium Sulfate Turbidity Standard at 100 X 3.2mg/ml.

[0228] Test compound breparation: -The test article was prepared as 100x stock

solutions in DMSO, with concentrations ranging from 3.2 mg/ml to 0.0625 mg/m'I
(a two-fold dilution series over 10 points). The first dilution (3.2mg/mi) was
prepared by resuspending 0.5 mg of each test article in 156.25 pl of DMSO. The
stock is then sefially diluted by two-fold inérements to obtain the desired
concentration range.

[0229]|n_oculum.preparation: For fungal strains, the inoculum was prepared as

follows.  From an overnight culture in Yeast Media broth, cell density was

- adjusted in 0.85% saline td 0.5 McFarland. This procedure yielded a stock
su.spension of about 5 X 10° cells/ml. Following thorough vortexing, a working
suspension was prepared by diluting the stock 1:50 in RPMI 1640, and then
further diluting it 1:20 with RPMI 1640 to obtain the 2x test inoculum (about 5 X
10° ‘c'ell.s/ml)‘. For filamentoﬂu.s fungiA, the inoculum was prepared as follows. From
a spore suspension kept at 4°C, ah appropriate dilution in 0.85% saline was
made to obtain a final optical density 600 between 0.09-0.11. A working
suspensioh was then prepared by diluting the spore suspension 50 times in
RPM!I to obtain the 2x test inoculum (about 1 X 105 CFU/ml).
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[[0230]MIC Determination: The 100X test article solutions were diluted 50 times
in RPMI 1640, MH or BHI media and'dispenséd in a 96 well plate, one
c'on'centraﬁon per column, 10 columns in total. The 11th column contained RPMI
1640 with 1% DMSO with cells, the 12th column contained 100 pl of RPMI 1640
alone. ' '

[0231]50 pI of the final cell dilution (yeast filamentous fungi or bacteria) of each
indicator strain was added to each corresponding well of the microplate
containing 50 pl of diluted drug or media alone. Assay plates were incubated at
35°C for up to 72 hrs. MIC readings were determined at 24 and 48 hrs for the
Candida an'd' Aspergillus species, and at 48 and 72 hrs for Cryptococcus
neoformans. MIC readout for eéch indicator was determined as the lowest
COncentration of test combound resulting in total absence of growth.

Table 6: MIC (ug/ml) for Compound 2(a) for various strains of yeast and fungi

MIC (ug/ml)
Yeasts and filamentous fung - 24 hrs 48 hrs
Candlda albicans 4 4
ATCC 10231
Candida krusei | ‘ 8 8
LSPQ 0309 -
Candida glabrata 4 8
LSPQ 0250 -
Candida lusitaniae 4 4
| ATCC 200953
Saccharomyces cerevisiae 4 4
ATCC 9763
Cryptococcus neoformans ‘ . o 4+
ATCC 32045 A ‘ '
Aspergillus flavus ' : 4 8
ATCC 204304 :
Aspergillus fumigatus ATCC 204305 16 16

* 48 hrs reading; ** 72 hrs reading
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Example 5. In vitro activi’tyi of‘compound 2(a) against Aspergillus species
-[0232] To determine the antifungal activity of compound 2(a) against Aspergillus

'Spécies (A._’fumiga,tus and A. flavus) a disk diffusion assay was used to
determine the minimum effective concentration (MEC) as described by Wong
GK Griffith S, Kojiina | and Demain AL. Antifungal activities of rapamycin and its
derivativés, 'pr'olylrapamycin, 32-desmethylrapamycin, and 32-
dés.methoXyrapamycin. J. Antibiotics, 51(5): 487-491,1998. Such assay is
commonly used to reveal activity of antifungal drugs against filamentous fungi
such as Aspergillus sp. (Arikan S, Yurdakul P, Hascelik G. Comparison of two

- methods and three end points in determination of in vitro activity of micafungin
against Aspergillus spp. Antimicrobial Agents and Chemotherapy 47(8): 2640-
2643, 2003). - | |

[0233] Preparation of the inoculum: After spreading on YM agar (in cell culture
flasks), Aspergillus strains (A. flavus — ATCC 204304 and A. fumigatus - LSPQ
204305) were left sporulating for 4 to 5 days at 35°C. After the addition of 10 to
| " 20 ml of saline solution (0.85% NaCl), spores were collected by gently rubbing

the surface of thé conidiobhores with a dispbsable inoculation loop. Aspergillus

. spore suspensions, kept at 4°C, were used as the inoculum for the disc assays.
[0234]Preparation of the disks : Stock solutions (5 mg/ml) in methanol and
dilutions (0.25, 0.5, 1.0,2.5, 5.0, 7.5, 10.0 and 50.0 ug/ml), prepared by serial
dilutions of stock solutioh in methanol were prepared for the test article and each

of the control compounds. Itraconazole and casponfungin were used as positive
controls while fluconazole or DMSO alone were used as negative controls. Drug-
E coiitaining disks Were'preparedvby spotting of 10 pl of the proper drug solution (or
methanol as control) onto filter disks t.hat were then allowed to air-dry.

: [0235]Aga_rpjaté preparation: Aspérgillus spore suspensions were adjusted to

about 81% of transmittancé at 530 nm in saline solution. 200 pl of the adjusted
“inoculum was then mixed with 50 ml of melted 0.8% YM agar (cooled to ~50°C),

--.mixed thoroughly and poured in a 150 mm Petri dish. Once the agar was set, the

prépared filters were loaded onto the plates, which were incubated at 35°C. The
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zone of inh'ibition (ZOI)-of fuﬁgal growth was measured after 24 hours of
incubation. - .

[0236] Results: Data presehtéd in Table 7 §how the lowest concentration (MEC)
inducing inhibition of the fungal gro'wth.and the corresponding ZOI obtained at
this concentration for compound 2(a) ahd the controls. Results demonstrated that
compound 2(a) was active against Aépergi/lus fumigatus and Aspergillus flavus.

- .Similar effeét was obtained for itraconazole and caspofungin while fluconazole

was inactive. -
- Table 7

Aspergilius fu:higatus Aspergillus flavus

MEC rdel MEC Z0l
a (ug/ml) - . (mm) : (ng/ml) (mm)

: , : 0. 1 .0 _ 0 0

| Methanol -

Compound 2(a) 2.5 27 25 2.7
Itraconazole 1.0 1.7 0.5 1.7
Casponfungin 25 0.7 25 0.7

Fluconazole 0} -0 0 0

MEC : mimimum effective concentration -

*-ZOl : zone of inhibition of'fuhgal growth calculated for each MEC

Example 6. ._EvaIUation of Antifungal Activity of Compound 2(a) in a Mouse
- Model of Disseminated Candidiasis

' [0237] Compound 2(a) was provided as a dry powder with an estimated purity of
95+%. Fungizone (amphbtericin B desoxy'cholaie, to be used as a comparitor),
was also provided as a dry powder with an estimated purity of 95+%. The
compound 2(a) and Fungizone were stored as dry powders at —80 °C until the

day of administration.

108



3004-9US

[0238] Female mice (species Mus musculus, strain CD-1, Charles River) with

" body weight range of 22-24 g were used in the study. The animals were
observed for 3 days beforé treatment. All animal experiments were performed at
the Ste-Justine Hospital (Montreal, Quebec) according to ethical guidelines of
animal experimentation of the ethical committee of the hospital. During the
stUdy, dead or apparently sick ahimals were promptly removed and sick mice

“were euthanized upon removal from the cage.

[0239]The animals were maintained in rooms under controlled conditions of
temperature (23+2°C), humidity (45+5%), photoperiodicity (12 hrs light / 12 hrs
dark) and air exchange. The animals were housed in polycarbonate cages
(4/sjngle cage) equipped‘to_prolvide food and water. Sterile wood shavings were
used for animal bedding and the bedding was replaced every other day. Food
(Harlam Tecklab, Canada) and autoclaved tap water was provided ab libiftum, the
food being placed in the metal lid on top of the Cage. Water bottles were
equipped with rubber stoppers and sipper tubes and were cleaned, sterilized and
replaced once a week. |

[0240] Six groups of mice (10 mice per group) were infected intravenously with 3
x 10° CFU of C. albicans SC5314 as previously described (see Dubois, N., et al.,
Microbiology 1998, 144: 2299-2310). Twenty-four hours after infection, each
individual group of mice wés treated with Compound 2(a) (1 or 3 mg/kg i.p.),
Fungizone (0.25, 0.5 or 1 mg/kg i.p.) as comparitor, or sham-treated with sterile
water cé_ntainihg 5% dextrose and 3% DMSO. Each animal received 100 pl of

" test solution. |

[0241‘]The treatment regimen was repeated once daily for a total of 4 days. The

_ mice were observed twice daily for signs of morbidity over 21 days. Moribund

animals wereAscored as non-survivors and euthanized by CO; inhalation. The

Kaplan and Meier product limit estimate was used to analyze survival data and

- plot the survival function. . |
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Table 8: Survival Rates Over Time After Inoculation with Compound 2(a) and

Fungizone

Groups | Treatment | Dose (mg/kg) Median
: ' survival
1 Vehicle - 5 days
2 Compound 1.0 8.5 days
- | 2(a)
3 Compound 3.0 20 days

2(a) |

4 Fungizone | - 0.25 >21 days
5 | Fungizone 0.5 >21 days
6 Fungizone 1.0 >21 days

[0242] As indicated in Table '8, compound 2(a) has in vivo antifungal activity
similar to a dose of 0.25 mg/kg of Fungizone and increases 4-fold the median
survival time of infected mice.

[0243] The data (percent survival versus days post-inoculation) was plotted; the
r‘esult‘ihg'graph is shown in Figure 16. |

‘ ‘Exafhple 7. In Vitro Antitumor activity of Compound 2(a)

[0244] /n vitro antipoliferative study of Compound 2a was performed by the
National C_ancer Institute (National Institutes of Health, Bethesda, Maryland,

| _ USA) against a panel of cancer cell lines in order to determine the concentrations
néed'ed to 6btain a 50% inhibition of cell proliferation (ICso). The operation of this
unique screen utilizes 60 different human tumor cell lines, representing leukemia,
melanoma, and cancers of the lung, colon, brain, ovary, breast prostate and
kidney.” Compound 2(a) was provided as a lyophilized powder with an estimated
‘purity of 90+%. The compound was stored at -20°C until day of use.

[0245] The human tumor cell lines of the cancer-screening panel were grown in
RPMI 1640 medium containing 5% fetal bovine serum and 2 mM L-glutamine.
For a typical screening experiment, cells were inoculated into 96 well microtiter
plates in 100 pl at plating densities ranging from 5000 to 40,000 celis/well
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depending on the doubling time of individual cell lines (Table 8). After cell
inoculation, the microtiter plates were incubated at 37 °C, under 5% CO,, 95% air
~and 100% relative humidity for 24 houfs prior to addition of the experimental
drugs. ' o ‘

[0246] After 24 hours, two plates of each cell line were fixed in situ with TCA, to
represent a measurement of the cell population for each cell line at the time of
drug addition (Tz). Compouhd_2_(a) was solubilized in dimethyl sulfoxide at 400-
fold the désired final maximum test concentration'and stored frozen prior to use.
At the time of drug addition, an aliquot of frozen concentrate was thawed and
diluted to twice the desired final ma)iimum test concentration with complete

- medium containing 50 pg/mi gentamicin. Additional four, serial dilutions were
mad_é to proVide a total of five drug concentrations plus control. Aliquots of 100
. plof these'different drug dilutions were added to the appropriate microtiter wells
already containing 100 pl of medium, resulting in the required final drug
concentrations (2.5 x 10° M to 2.5 x 10° M).

[0247] Following drug addition, the piates were inéiubatéd for an additional 48

| hours at 37°C, 5 % CO», 95 % air, and 100 % relative humidity. For adherent
cells, the assay was terminated by the addition of cold TCA. Cells were fixed in
situ by the gentle additionAof 50 pl of cold 50 % (w/v) TCA (final concentration, 10
. % TCA) and incubation for 60 minutes at 4°C. The supernatant was discarded,
and the plates were washed five times with tap water and air-dried.
Sulforhodamine B (SRB) solution (100 pl) at 0.4 % (w/v) in 1 % acetic acid was
added to each well, and plates were incubated for 10 minutes at room
temperature. After staining, unbound dye was removed by washing five times

‘ With 1 % acetic acid and the plates were air-dried. Bound stain was
subsequently solubilized with 10 mM trizma base, and the absorbance was read
- on an automated plate reader at a wavelength of 515 nm. For suspension cells,
the methodology was the same except that the assay was terminated by fixing
settled cells at the bottom of the wells by gently adding 50 pl of 80 % TCA (final
concentration, 16 % TCA).
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[0248] The growth inhibitory power of compound 2(a) was measured by NCI

utilizing the Glso value, rather than the classical ICso value. The Glso value

_emphasizes'the correction for the cell count at time zero and, using the seven

adsorbance measurements [time zero (Tz), control growth (C), and the test

growth in the presence of drug at each of the five concentration levels (Ti)], Glso
is calculated as [(Ti- Tz)/(C - Tz) x 100 = -50. which is the drug concentration

‘resulting in @ 50% reduction in the net protein increase (as measured by SRB

- staining) in control cells during the drug incubation. The Gls, values for

- compound 2(&) for the various cell lines tested are presented in Table 9 below.

Table 9: NCI Developmental'Ther'ap'eutics Program In-Vitro Testing Resuits

112

for Compound 2(a)
~ CellLine . Panel name Inoculation Glso
: ) density
(x 10°®, unless
(no. of cells per .otherwise
. well) indicated)
K-562 Leukemia 5000 9.18
MOLT-4 Leukemia - - 30,000 5.57
A549/ATCC Non-small cell | 7500 4.09
n lung cancer -
EKVX Non-small cell | 20,000 5.87
’ lung cancer -
| HOP-62 Non-smali cell | 10,000 6.83
: : lung cancer ,
- |HOP-92 [ Non-smallcell {20,000 9.77x 10°
' lung cancer. -
NCI-H226 Non-small cell . | 20,000 3.10
. . lung cancer
NCI-H23 Non-small cell | 20,000 4.25
' - lung cancer _
NCI-H322M Non-small cell | 20,000 3.48
lung cancer
NCI-H460 Non-small cell | 7500 3.83
: lung cancer '
NCI-H522 - Non-small cell | 20,000 2.80
lung cancer
COLO 205 Colon cancer 15,000 5.00



THCC-2998

Colon cancer | 15,000 6.03x 10°
HCT-116 Colon cancer 5000 4.18
HCT-15 Colon cancer | 10,000 3.25
HT29 Colon cancer 5000 6.36
KM12 Colon'cancer 15,000 2.76
SW-620 Colon cancer - | 10,000 5.35
SF-268 CNS cancer 15,000 3.64
SF-295 CNS cancer . | 10,000 3.91
SNB-19 'CNS cancer = | 15,000 5.58
SNB-75 CNS cancer 20,000 3.87
U251 , CNS cancer 7500 3.65
| LOX IMVI | Melanoma 7500 3.73
MALME-3M Melanoma -1 20,000 2.40
M14 Melanoma 15,000 4.15
SK-MEL-2 = - | Melanoma -1 20,000 4.34
SK-MEL-28 Melanoma 10,000 6.75
| SK-MEL-5 Melanoma | 10,000 4.16
UACC-257 Melanoma 20,000 3.74
| UACC-62 . Melanoma 10,000 2.68
IGROV1 . | Ovarian cancer | 10,000 2.95
OVCAR-3 ‘| Ovarian cancer | 10,000 3.40
OVCAR-4 Ovarian cancer | 15,000 4.48
OVCAR-5 Ovarian cancer | 20,000 4.00
OVCAR-8 Ovarian cancer | 10,000 4.34
SK-OV-3 Ovarian cancer | 20,000 7.94
786-0 Renal cancer - | 10,000 3.07
A498 Renal cancer 25,000 4.82
- | ACHN | Renal cancer 10,000 2.96
CAKI-1 Renal cancer 10,000 2.99
RXF 393 Renal cancer 15,000 1.20

SN12C Renal cancer | 15,000 1.38 x 10
TK-10 Renal cancer 15,000 3.32
UO-31 Renal cancer 15,000 3.65
{PC-3 Prostate cancer | 7500 2.66
DU-145 Prostate cancer | 10,000 3.78
- | MCF7 Breast cancer | 10,000 4.22
. { NCI/ADR-RES- | Breast cancer | 15,000 4.76
.| MDA-MB- Breast cancer | 20,000 3.38
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MDA-MB-435 Breast cancer 15,000 3.26
BT-549- Breast cancer 20,000 4.59
T-47D Breast cancer 20,000 6.00

3004-9US

[0249] The results indicate that compound 2(a)' is efféctive against all the human

; tumor cell lines that have been assayed in the NCI screening panel suggestinga
brbad ahticancer activity ag'ainst several types of human cancer. In fact, the
GI50 calculated for all cell Iin‘eé was lower than 10 x10-6 M, a significant level of
pharmacological activity for anticancer drugs, and in some cases reached the

" nanomolar or picomolar level (SN12C/renal carcinoma; HOP92/non-small cell
quhg carcinoma; HCAC2998/.c_oIon carcinoma).

. Example 8 'Ac_tivation of inactive domains in the polyketide synthase

system
OH o
HoﬁOH : HO
OH OH OH OH OH OH OHOHOH OH O™ "0 "CH3 " OHOH HND
HaN o ’ X~ X !} X X0
CHa CHaCH3

' [0250]The gene cluster e'ncod-ing“ the Compound 2(a) derived from Streptomyces
- aizunensis stfain NRRL B-11277 is genetically modified to reactivate the
ketqreducfase (KR) domain, which is encoded in the ORF 13 module 12. This
modification results in the conversion of the central carbonyl group adjacent to
thé sugar molecule of Compound 2(a), to a hydroxyl group (as shown in Figure
12a). | . | v
. [0251]In the compound 2(a) locus, the KR domain preseht in ORF 13, module 12
is inactive. ‘To provide for the compound of Example 7 thé KR domain is
" reactivated or swapped for-an active KR domain. Reactivation of the KR domain
-requires diagnosis of the integrity of critical active site residues necessary for a
fuhctional KR domain. The active site residues can be divided into those required
for co-enzyme activation of the KR enzyme and those for catalysis. Experiments
identifying the specific residues for ketoreductase activity [Ried et. al.
_Biochemistry 2003,.42:72-79; Udo et.al., Biochemistry, 1997, 36:34-40] reveal
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that functional KR coenzyme binding site residues include glycine (G), glycine
(G), glycine (G), alanine (A) and the functional KR active site residues include
serine (S), tyrosine (Y) and asparagine (N). These residues are highlighted in
- Figures 6a and 6b. The sequence of the KR domain in the compound 2(a) locus
shows that the coenzyme active site residues are glycine (G), glycine (G), glycine
(G), alanine (A) indicating that this sité is indeed active. However, the amino acid
residues found in the KR site responsible for catélytic activity are serine (S),
glutamine (Q) and asparagine (N) indicating that the catalytic site is likely to be
inactive. This observation is confirmed by the fact compound 2(a) contains a
carbonyl group at that specific position (Figure 10, module 12). Modification of
the codon encoding glutamine to a codon encoding tyrosine provides for an
" acﬁ_Ve‘ site residue'required for functional ketoreduction of PKS monomers. This
results in an altered nucleic acid sequence of the compound 2(a) locus used to
modify a suitable host cell to produce the compound 2(a) variant of Example 7 as
shown in Figure 12a. v

[0252] The modification of glutamine to tyrosine may be introduced using a
mismatched primer that hybridizes to the native nucleotide sequence at a
temperature below the melting temperature of the mismatched duplex. The
primer is kept specific by kééping primer length and base composition within
narrow limits and keeping the mutant base centrally located as described in
Zoller and Smith’ Methods in Enzymol. (1983) 100:468. Primer extension is
achieved using DNA polymerase. Thé product is cloned and positive clones
containing the mutated DNA, dérived by segregation of the primer extended
'strand, are selected. Selection is made using the mutant primer as a
hybridization prdbe_ (Dalbie-McFarland et al Proc. Natl. Acad Sci. USA (1982)
- 79:6409). ‘ '

[0253] Another method to generate the compound of Example 7 involves
'swapping the inactive ketéreductase domain from the gene locus of the
compound 2(a) (ORF 13 module 12) with an active ketoreductase domain from
the same or different locus. Example of domains within the same locus suitable
for swapping include the active ketoreductases that occur in the modules that
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encode the incorporation of methyl malonate extender units, namely ORF 16
modules 19 or 20. Swapping of acyltransferase domains between PKS loci has
been demonstrated by Oliynyk et.al. Chem Biol, 1996, 3(10):833-9, wherein the
gene encoding the acyltransferase domain in 6-deoxyerythronolide (DEBS)
module 1 is swapped with the gehe encoding the rapamycin module 2
acyltransferése resulting in the synthesis of novel triketides since the two
acyltransferases had different acyl specificities. In Hans et.al. J Am Chem Soc,
2003, 125(18): 5366-74, the kinetic aspects of product formation as a
consequence of acyltransfer_ase domain swaps is taught.

' [0254] Swapping of domains is achieved using techniques developed by Kao

o 'e(._al. Science, 1994, 265:509-512. The genetic strategy utilizes derivatives of

pMAK705 to permit in vivo recombination between a temperature sensitive donor
plasmid and a recipient shuﬁle vector by means of a double recombination event
in E.coli. An AmpR TcR recipient subclone of the regions flanking the domain to
be swapped is made, pCKS3, containing 1kb of flanking sequence from either
flank. Endonuclease restriction sites are introduced at the boundaries of the
domain, Psfl at 3’ end of the left flank and Xbal at the 5’ end of the right flank.
Subclones pCK6 Cm* of the domains to be swapped are generated and
endonuclease restriction sites are introduced into the boundaries of the domain.
The restriction site PsH is introduced at the 5’ boundary of the KR domain and an
Xbal site at the 3’ boundary of the domain. Restriction sites are introduced into

. subclones by PCR mutagenesis. The fragment containing the domain is excised
and ligated into the temperature sensitive Cm® donor plasmid, pCK6. The
recipient'plasmid is generated by in vivo recombination of the plasmid in the host
étrain using the selection method outlined by Kao et.al., supra. After selection

" recombinant strains are produced with the domain of interest replacing the
_original domain. |
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Example 9 Inactivation of functional domains within the polyketide

synthase syst m
- Hol/\LOH HO
OHOH \OHOHOHOH OHOHOHOHO™"0"~CH4 OHOH HND

N NN \\\\\\O
CH3 CHLH,

~ HoN

[0255]The gehe locus encoding Compound 2(a) derived from a Streptomyces
aizunensis strain is geneticéliy modified to inactivate the enoyl reductase (ER)
domain in the ORF 17 module 22. Inactivation of this domain abolishes the
cohvérsion the double bond to the single bond between the acyl units
incorporated by modules 21 and 22 of Compound 2(a) (as shown in Figure 12e).
[0256]Generating the compound of Example 8 is achieved through insertional
inactivation by double crdssover techniques develbped by Oh and Chater, 1997,
* Journal of Bacteriology 179:122-127. Examples of insertional inactivation of
genes involved in polyketide biosynthesis in Streptomyces are well known in the
art. Arrowsmith et.al., 1992, Mol Gen Genet 234:254-264, used these techniques
to identify the role of a cassette of secondary metabolic genes in the production

- of monensin by Streptomyces cinnamonensis. Paradkar, et.al., 2001, Appl

- Environ Microbiol 67:2292- 7, inactivated the lat gene encoding for lysine

' aminotransferase to disrupt the first step in the cephamycin pathway to block

| proddction' of cephamycin C in Streptomyces clavuligerus. Similarly, these
authors inactivated the cvm1 'gene involved in late stage antipodal clavam
syntheSIS
[0257]Methods used to mactnvate domams in polyketlde systems include domain
swapping as described in Example 7 as well as targeted disruption by insertional
géne inactivation. For this, a reblicative plasmid-mediated homologous

- recombination is applied to Streptomyces aizunensis. Plasmids for homologous

recombination are constructed by cloning a kanamycin resistance marker

between the left and right flanking regions of the genes to be modified. Such a

- construct is cloned into a delivery plasmid that is marked with thiostrepton

resistance producing a disruption plasmid. This plasmid is introduced into

‘ Streptomyces aizunensis by either PEG-mediated protoplast transformation, by
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electroporat|on or by natural mfectron with a phage (Keiser et al (2000) Practical
: Streptomyces genetics, John Innes Foundation, Norwich). The spores from
individual transformants or transconjugants are cultured on non-selective plates
to induce recombination. The cycle is repeated three times to enhance the
opportunity for recomblnatlon Crossovers yielding targeted gene recombinants
are then selected and screened using kanamycin and thiostrepton for single
crossovers and kanamycin for double crossovers. Replica plating and southern
hybridization are used to confirrn the double crossover inactivation (Keiser et al
: (2000) supra.). ' |

Example 10 Inactivation of the 'glycosyltransferase activity

OHOH ~ OHOHOH OIH OHOHOHO OH OH OH HND
HaN A~ A N A R AR AR O
CHg CHLH;
| [0258] Inacttvation of the glycosyltransferase gene (GTFA) encoding ORF 9 of
the oompound 2(a) Iocus (as shown in Figure 12b) provides for the compound of
this example. The mactwatron of the GFTA dlsrupts the transfer of the sugar
m0|ety onto the backbone of Compound 2(a). The absence of the sugar moiety
results in a non-glycosylated form of Compound 2(a). Insertional inactivation of
GTFA genes in polyketide biosynthesis in Streptomyces is known in the art.
Blanco et.al., 2000, Mol Gen Genet 262:991-1000, identified two genes of the
' mithramycin biosynthetic gene cluster as glycosyltransferases by the production
of a non-glycosylated mithramycin upon inactivation of these genes. A similar
~ observation was made by Chen etal., Gene, 2001, 263:255-64 investigating
. genes responsible for glycosylation in the biosynthetic pathways encoding
' 'pikromyoin, narbomycin, methymycin and neomethymycin.
[0259] Targeted- inactivation of the glyoosyltransferase aotivity is achieved using
- the method of insertional gene disruption as described in Example 8.
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Example 11 Elimination of the aminohydroxycyclobent n n unit

OH
. HOﬁOH
OHOH OHOHOHOH OHOHOHO O™ 0" "CHj3 OH OH OH
HaN X \. XN x> R0

CHy CHiCH3
[0260] Elimination of the terminal aminohydroxycyclopentenone unit may be
accom'plished' by inactivation of an'y' one of the following three ORFs of the
‘compound 2(a) locus. First, disruption of ORF 35 results in the inactivation of the
* acyltransferase (AYTP) activity (as shown in Figure 12c) that abolishes
condensation of succinyl-CoA and'glycine to form 5-aminolevulinate. Second,
disruption of ORF 36 results in the inactivation of acyl CoA ligase (CALB)
preventing the conversion of 5-aminolevulinate to 5-.aminolevu|inate-CoA which
" cyclizes to form aminohydrokycyclopentenone. Third, disruption of ORF 34
(ADSN) prevents transfer of the aminohydroxycyclopentenone unit to the
polyketide chain. Thus, the compound of Example 10 is provided by genetically
modifying at least one of ORFs 34, 35 and 36. Methods used for insertional
inactivation of all three genes are described in Example 9. |

Example 12 Replacemént of the terminal amine gfoup with a guanidino
group

OH '
HOﬁOH HO
HN‘Q

. H OHOH OHOHOHOH OHOHOHO OO CHj OHOH
HaN N A X X IR IR0
NH : CHs CH{LHs

[0261] The replacement of the terminal amine with a guanidino group may be
accomplished by the insertional inactivation of ORF 33 (ADHY) using the
methods descfibed in Example 9. The inactivation of ORF 33 ADHY (as shown
in Figure 12d) disrupts the synthesis of gamma-amino butanamide leading to the
‘accumulation of 4-guanidinb butanamide. The accumulated 4-guanidino
butanamide is converted by ORF 27 CALB to 4-guanidino butyryl-CoA which is
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then attached onto the polyketide synthase enzyme (ORF 10, module 0 as
shown in Figure 10b) through the action of ORF 19 (AYTF).

Exarhgle 13: Synthesis of Compound 2(b) by epoxidation of Compound 2(a)

.Compound 2(b)

[0262]To a mixfure of CorhboUnd 2(a) dissolved in‘tetrahydrofuran (THF) is
added 1 equivalent of meta-chloroperbenzoic acid. The reaction is cooled in an

: 'ic_:e bath and stirred at 0 °C for 1-2 hours. The reaction mixture is then
evapbrated to dryness, re-dissolved in methanol and subjected to liquid
chromatography on a column of Sephadex LH-20 to isolaté the Compound 2(b).
[0263] The epoxide group of Compound 2(b) may be hydrolyzed by treatment of
Compound 2(b) with smali quantitj/ of aqueous hydrochloric acid (1.0 N), thereby

forming the corresponding diol of the formula:
. o )

Compound 2(c)

[0264] A solution of Compound 2(a) in acetonitrile is treated with 1.5 equivalents
of NaCNBHgs. The reaction is stirred at room temperature for 1 hour. The
reaction mixture is then concentrated to dryness and then taken up into
methanol. The mixture is filtered and the filtrate is subjected to liquid

- chromatography on a column of Sephadex LH-20 to isolate the Compound 2(c).
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Alternativeily, the reduction of theoAxo group at the 31-position may be done using
- lithium borohydride (LiBH,). - :

Example 15: Synthesis of Compound 2(d) by addition of acetal ring at the
31-position ' :

Compound 2(d)

[0265]A solution of Compound 2(a) in tetrahydrofuran is treated with 3
eduivalents of 2,2-dimethyl-1,3-dioxacyclopentane in the presence of a trace
amount of toluene sulfonic acid. The reaction is stirred overnight at room
tempereture, e\)aporated to dryness and taken up into dry THF, followed by
bUrification by quuid_chrorhatography on a column of Sephadex LH-20. The 2,2-
dim'ethyl-1, 3-dioxacyclopéentane may be synthesized by reaction of acetone with
ethyleﬁe giycol in the preeence of a trace of tol'uene sulfonic acid, over molecular
- sieves to remove water. | o

[0266] Alternatively, the addition of an'acetal ring at "the 31-position may be
ac'complished' by reaction of Compound 2(a) with an excess of ethylene glycol in
the presence of a trace of teluene sulfonic acid. The reaction may be conducted
over molecular sieves to remove water. '

Examgle 16: Synthesis of Compouhd 2(e)

Compound 2(e)

[0267] To a solution of Compound 2(a) in benzene or toluene is added 10
- equivalents of benzylamine. The reaction is stirred at room temperature
‘ overnight. The reaction may be conducted over molecular sieves to remove
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water; alternatively, the water may be removed under reflux as an azeotrope with
benzehe or toluene using a Dean-Stark trap. The reaction mixture is |

’ .concentrated under vacuum and résidual reagent is removed by high vacuum at
. room temperature overnight. ' |

[0268] The carbon-nitrogen double bond of Compound 2(e) may be reduced to
the amine by reaction of Compound 2(e) with NaCNBH; or LiBH, (1.5
equivalents) in acetonitrile, to form a compound of the structure:

OH OH OH OH OH OH OH N

OH OH

o Compound 2(f)

- [0269]To a solution of one equivalent of Compound 2(a) in acetonitrile is added
ten equivalenté of isobutylamihe. The reaction |s stirred at room temperature for
two hours. Benzene (1/10 volume) is added and the mixture is concentrated to
dfyness under vacuum on a rotary evaporator.

[(_)270]The Schiff base is then treated with NaCNBH; or LiBH4 (1.5 equivalents) in
acetonitrile, to reduce the carbon-nitrogen double bond of the imine to the amine,
to.foffn the compound 2(f). |

'Exémgle 18: ASyr.\thesis of Compound 2(g)

~ Compound 2(g)
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[0271]Compound 2(g) may be synthesized biosynthetically as described in

Example 9. Alternatively, Compound 2(g) may be prepared by hydrolysis of

Cdmpouhd 2(a). This is accomplished by treatment of Compound 2(a) in

diethylether/THF with Meerwein’s reagent (triethyloxonium tetrafluoroborate) for

" two hours at room temperature followed by cooling to —20 °C and dropwise

- addition of aqerus acetié acid in THF. The reaction mixture is stirred for 20
minutes during which time it is allowed to come to room temperature. The
‘mixture is then diluted with water (2 volumes) and HP-20 polystyrene resin is
added. The mixture is stirred for 30 minutes, filtered, the resin is washed well
- ‘wit_h water, and the product is eluted with 100% ethanol. The elutes are

'~ concentrated under vacuum to give compound 2(g).

Example 19: .Synthesis of Compound 2(h)

Cdmpound 2(h)

‘ ‘[0272]T6'a solution of 0.1 equivalents of Compound 2(g) in methanol is added
0.5 equivalents of diazomethane in diethyl ether. The reaction mixture is allowed
fo st'ahd_ at room témperatu_re overnight, and then the solvent is removed under
vacuum to give compound 2(h).

Example 20: Synthesis of Compound 2(i)

. . H
R H OH H OH OH OH H OH OH H H OH H
H > N X N SN
H, : H, CH,

Compound 2(i)

[0273]A solution of Compound '2(a) in methanol is treated with an equal volume
of 0.1N HCI, and the reaction mixture is stirred overnight at room temperature.
The mixture is then diluted with water (2 volumes) and HP-20 polystyrene resin is
added. The mixture is stirred for 30 rhinutes, filtered, the resin is washed well
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" with water, and the product is eluted with 100% ethanol. The elutes are
concentrated under vacuum to give compound 2(i).

Example 21: Synthesis of Compound 2(j) -

H OH H OH OH OH H OH OH H H OH H
Hl x X A Vel Ve e g N SN S e U s N
. H, H, CH,

- Compound 2(j)

[0274]Compound 2(j) is prepared by hydrolysis of compound 2(g). The
~ hydrolysis may carried out in the same way that compound 2(a) is hydrolysed to
* compound 2(i) as described in Example 19 above.

EXamgle 22: Synthesis of Compound 2(k)

H

" Compound 2(k)

[0275] Compound 2(k) is pfepared biosynthetically by inactivation of the enoyl
‘reductase as described in Example 8.

.'Examg' le 23: Synthesis of Compound 2(l)

Compound 2(I)‘

[0276] A solution of Compo'und_2(k) in acetonitrile is treated with 1.5 equivalents
of NaCNBHs. The reaction is stirred at room temperature for 1 hour. The
reaction mixture is then concentrated to dryness and then taken up into
methanol. The mixture is filtered and the filtrate is subjected to liquid
chromatography on a column of Sephadex LH-20 to isolate the Compound 2(l).
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Alternatively, the reduction of the oxo group at the 31-position may be done using
lithium borohydride (LiBH,).

Example 24: Synthesis of Compound 2(m)

Compound 2(m)

- [0277]A solution of 10 equivalents of Compound 2(a) in acetonitrile is treated
with one equiVaIent of acetaldehyde. The reaction is stirred at room temperature
for fwo‘hburs. Benzene (1/10 volume) is added and the mixture is concentrated
to dryness under vacuum on a rbtary evaporator to give the compound 2(m).
[0278] Compound 2(m) may be treated with NaCN_BHa or LiBH,4 (1.5 equivalents)
in acetonitrile, to reduce the carbon-nitrogen double bond of the imine to the
amine.

Example 25: Synthesis of Compound 2(n)

OH
@V OH OH H OH OH OH H OH OH O CH, OH OH H
N X S 20 Y0 S YN x A e N o
. Hy CH, CH,

Compound 2(n)

[0279]A solution of 10 equivalents of Compound 2(a) in acetonitrile is treated
wit'h one equivalent of benzaldehyde. The reaction is stirred at room temperature
for two hours. Benzene (1/10 volume) is added and the mixture is concentrated
to dryness under vacuum on a rotary evaporator-to give the compound 2(n).
[0280] Compound 2(n) may be treated with NaCNBHj or LiBH, (1.5 equivalents)

"in acetonitrile, to reduce the carbon-nitrogen double bond of the imine to the

~ amine.

125



- 3004-9US

Example 26: Synth sis of Compound 2(o)

H

- Cdr_npound 2(9)

[0281] A solution of Compound 2(a) in tetrahydrofuran is treated with one
equivalent of cyanamide. The reaction mixture is stirred at room temperature
overnight. Solvent is removed from the reaction mixture under vacuum to give
compound 2(0).

Example 27: Synfhesis of Compound 2(p)

H

Compound 2(p)

4[0282] Toa _sol'ution of 10 equival'ents' of Compound 2(a) in acetonitrile is added 1
- equivalent of acetone. The reaction is stirred at room temperature for two hours.
Benzene (1/10 volume) is added and the mixture is concentrated to dryness
~under vacuum on a rotary evaporator. 4
_ [0283] The resulting Schiff base imine is then treated with NaCNBH3 or LiBHq (1.5
equivalents) in acetonitrile, to reduce the carbon-nitrogen double bond of the
imine to the amine, to form the compound 2(p).

E'xamglé 28: Synthesis of Compound 2(q)

Compound 2(q)
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- [0284]To a solution of 10 equivalents of Compound 2(a) in acetonitrile is added 1
eqﬁivalent of 4-nitrobenzaldehyde.. The reaction is stirred at room temperature
fdf two hours. Benzene' (1/10 Volume) is added and the mixture is concentrated
to dryness under vacuu'm ona rotary evaporator.

[0285] The resulting Schiff base imine is then treated with NaCNBHj; or LiBH4 (1.5
 equivalents) in'acetonitrile, to reduce'the carbon-nitrogen double bond of the
imine to the amine, to form the compound 2(q).

- Example 29: Synthesis of Compound 2(r)

Compound 2(r)

[0286] To a solution of 10 equivalents of Compound 2(a) in acetonitrile is added 1
equivalent of cyclohexylformaldehyde; The reaction is stirred at room
temperature for two hours. 'Benzene (1/10 volume) is added and the mixture is
concentratéd to dryness under vacuum on a rotary evaporator.

[0»28'7:]T.he fesulting Schiff baée imine is then treated with NaCNBH3; or LiBH4 (1.5
equivalents) in acetonitrile, to reduce the carbon-nitrogen double bond of the

' iminé to the .:amin.e, to form the compound 2(r). |

VES’(amgle 30: Syntheéis of Cbmpouhd 2(s)

Compound 2(s)

[0288] To a solution of Compound 2(a) in tetrahydrofuan is added one equivalent
of acetic anhydride and two equivalents of triethylamine. The reaction is stirred
at room temperature for two hours. The mixture is then diluted with water (2
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volumes) and HP-20 polystyrene resin is added. The mixture is stirred for 30
mihutes, filtered, the resin is washed well with water, and the product is eluted
with'100_% ethanol. The elutes are,conAcentrated under vacuum to give
compound 2‘(s)..

'Example 31: Synthesis of Compouhd 2(t)

H

Compound 2(t)

[0,289] To a solution of Compound 2(a) in is added one equivalent of isobutyrl
anhydride and two equivalents of triethylamine. The reaction is stirred at room
temperature for two hours. The rhixture is theh diluted with water (2 volumes)
and HP-20 polystyrene resin is added. The mixture is stirred for 30 minutes,
-filtere"d,‘ the resin is washed well with water, and the product is eluted with 100%
ethahol. The éltjtés are Concehtrafed under vacuum fo give compound 2(t).

" Example 32: Synthesis of Co_mbound 2(u)

' ' A HZJ&ZH H :
HMWW
Y x . S 0 T x R °
o ' CH, ' . CH, CH,
* Compound 2(u) _ .
[0290] To a solution of Compound 2(a) in is added one equivalent of benzoic
anhydride‘ and two equivalents of triéthylamine. The reaction is stirred at room
temperature for two hours. The mixture is then diluted with water (2 volumes)
‘and HP-20 polystyrene resin is added. The mixture is'stirred for 30 minutes,
- filtered, the resin is washed well with water, and the product is eluted with 100%

‘e‘t'hanol'. The elutes are concentrated under vacuum to give compound 2(u).
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Exampl 33: Synthesis of Compound 2(v)

* Compound 2(v)

[0291 ]‘To a solution of Compound'2(a) in is added one equivalent of p-

nitrobenzoic anhydride and two eduivalents of triethylamine. The reaction is

stirred at room temperature for two hours. ‘The mixture is then diluted with water

(2 volumes) and HP-20 polystyrene resin is added. The mixture is stirred for 30

rhinufes; filtered, the résin is washed well with water, and the product is eluted

with 100% ethanol. The elutes are concentrated under vacuum to give
c_ﬁompound 2(v). '

Example 34: Synthesis of Compound 2(w)

. H
. H H H
: Hy H OH OH OH OH OH (.?H OH OH OH O O H, OH OH HN
HN MWMWW/\NWWO o
- . H, CH, CH,

Compound 2(w)

[0292]A solution of Compound 2('.a) is reacted with 1 equivalent of N-protected
alanine active ester. The amino grodp of alanine is protected by reacting alanine
with DCC (dicycldhexyldicarbodiimide) or EDC (1-ethyl-3-(3-
dimethylaminopropyl)-carbbdiimide) and the carboxylic acid group is converted to
- an active ester such as an N-hydroXysuccinimide ester. The N-protected active
ester is added to Compound 2(a) in an inert solvent such as tetrahydrofuran.
The.miktu're is wa_rrhed under réfldx for one hour. The mixture is then diluted with
water (2 volumes) and HP-20 polystyrene resin is added. The mixture is stirred
for 30 minutes, filtered, the resin is washed well with water, and the product is
eluted with 100% ethanol. The.elutes are concentrated under vacuum to give

compound 2(w).
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Example 35: Synth sis of Combound 2(x)

OH OH

Compound 2(x)

[6293]A solution of Compound 2(a) is reacted with 1 equivalent of N-protected
para-hydroxyphényl glycine active ester. The amino group of the para-
'hydroxyphenyl glycine is protected by reacting alanine with DCC
(dicyclohexyldicarbodiimide) or EDC (1-ethyl-3-(3-dimethylaminopropy!)-
carbodiimide) and the carboxylic acid group is converted to an active ester such
as an N-hydroxysuccinimide ester. The N-protected active ester is added to
Compound 2(a) in an inert solvent such as tetrahydrofuran. The mixture is

- warmed under reflux for one hour. The mixture i's-then diluted with water (2

A volumes) and HP-20 polystyrene resin is added. The mixture is stirred for 30

| minutes, filtered, the resin is washed well with water, and the product is eluted
.wit_h- 100% ethanol. The elut_és'are concentrated under vacuum to give
compound 2(x).

'Example 36: Synthesis of Compound 2(y)

OH .

Compou'nd 2(y)

[0294] A solution of Compound 2(a) is reacted with 1 equivalent of N-protected
tyrosine active ester. The amino group of tyrosine'is protected by reacting
alanine with DCC (dicyclohexyldicarbodiimide) or EDC (1-ethyl-3-(3-
dimethylaminopropyl)-carbo’diimidé) _énd the carboxylic acid group is converted to
an active ester such as an N-hydroxysuccinimide ester. The N-protected active
ester is added to Compbund 2(a) in an inert solvent such as tetrahydrofuran.
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The mixture is warmed under reflux for one hour. The mixture is then diluted with
.water (2 vblumes) and HP-20 polystyrene resin is added. The mixture is stirred

- for 30 minutes, filtered, the resin is washed well with water, and the product is

- eluted with 100% ethanol. The elutes are concentrated under vacuum to give
compound 2(y). |

Example 37: Synthesis of Compound 2(z)

H,

Compound 2(2)

[0295] A solution of Compound 2(a) is reacted with 1 equivalent of N-protected
valine active ester. The amino group of valine is protected by reacting alanine
with DCC (dicyclohexyldicarbodiimide) or EDC (1-ethyl-3-(3-
- dimethylaminopropyl)-carbodiimide) and the carboxylic acid group is converted to
: an" active ester such as an N-hydroxysuccinimide ester. The N-protected active
ester is added to Compound 2(a) in an inert sdlvent such as tetrahydrofuran.
- The mixture is warmed under reflux for one hour. The mixture is then diluted with
- water (2 volumes) and HP-20 polyStyrene resin is added. The mixture is stirred
for 30 minutes, filtered, the resin is washed well with water, and the product is
eluted with 100% ethanol. The elutes are concentrated under vacuum to give
compound 2(z). ' | '

. Example 38: Synthesis of Compound 2(aa)

- Compound 2(aa)

- [0296] A éolution of Compound 2(a) is reacted with 1 equivalent of N-protected
prbline active ester. The amino group of proline is protected by reacting alanine
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with DCC (dicyclohexyldicarbodiimide) or EDC (1-ethyl-3+(3-

- dimethylaminopropyl)-carbodiimide) and the carboxylic acid group is converted to
“an éctive ester such as an N-hydroxysuccinimide ester. The N-protected active

~ ester is added to Compound 2(a) in an inert solvent such as tetrahydrofuran.

The mixture is warmed under reflux for one hour. The mixture is then diluted with

water (2 volumes) and HP-20 polystyrene resin is added. The mixture is stirred

for 30 minutes, filtered, the resin is washed well with water, and the product is
eju’ted with 100% ethanol. The elutes are concentrated under vacuum to give
compound 2(aa). |

| Example 39: Synthesis of Compound 2(ab)

A ‘ } OH .
HoN "OH OH _ OH OH OH OH OH OH OH O CH, OH OH H
HN N ~ X A Ve N BN ™ g O
o . . CH, CH, CH,

, AC.ompound 2(ab)

. [0297]A solution of Compound 2(a) is reacted With 1 equivalent of N-protected
sérine active ester. The amino group of serine is protected by reacting alanine
witthCC (dicyclohexyldicarbodiimide) or EDC (1-ethyl-3-(3-
dimethylarhinopropyl)-carquiimide) and the carboxylic acid group is converted to

“an active ester such as an N-hydroxysuccinimide ester. The N-protected active

ester is added to Compound 2(a) in an inert solvent such as tetrahydrofuran.

The mixture is warmed under reflux for one hour. The mixture is then diluted with

water (2 volumes) and HP-20 polystyrene resin is added. The mixture is stirred

for 30 minutes, filtered, the resin is washed well with water, and the product is
eluted with 100% ethanol. The elutes are concentrated under vacuum to give
compound 2(ab).

Example 40: Compdund 2(a) for the treatment of cardiovascular disorders

[0298] Polyéne compounds are not generally absorbed from the gastrointestinal
tract and exhibit hypocholesterolemic properties by binding cholesterol in the
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gastrointestinal tract following oral administration. The hypocholesterolemic

proberfies of polyene compounds was first demonstrated by studies in dogs

(Schaffner,C.P. and Gordon H.W. The hypocholesterolemic activity of orally

administered polyene macrolides. P.N.A.S. 61:36-41, 1968.). In another study

with chickens, small amounts of polyene compounds in the diet led to the

~ inhibition of enterohep_atic cholesterol circulation, increased fecal lipid excretion

and reduced atherogenesis (F'isher, H., Griminger P. and Siller W. Effect of

~ candicidin on plasma cholesterol and avian atherosclerosis. Proceedings of the

Soéiety for Experiméntal Biology and Medicine, 145: 836-839, 1974). The

- beneficial effects of orally admin'istered polyene compounds on cholesterol-lipid
metabolism is not species-dependent as it was demonstrated in several species
inqluding humans, rats, dogs and chickens (Pagliano FM, Correction of
hyperdyslipidemia using polyene-structure substances. Controlled clinical trial.

- Arch Sci Med (Torino). 136: 303-308, 1979; Barbaro A. and Casella G. Action of
a polyene macrolide on hyperdislipidaemic disorders. Archivio per Scienze
Mediche 137: 21 1;216, 1980; Singhal, A.K., Mosbach, E.H. and Schaffner, C.P.
Effect of candicidin on cholesterol and bile acid metabolism in the rat. Lipids, 16:

. 423-426, 1981.).

[0299] The therapeutic potential of compound 2(a) for the treatment of

c'ardiovascmar disorders such as high cholesterol, dyslipidemia and

atherosclerosis is demonstrated by measuring the effects of oral administration of
compound 2(a) to rabbits. New Zealand rabbits are maintained under controlled
light and temperature conditions and fed for several weeks with two different
diets: normal rabbit chow (control) and a diet containing 0.5 to 1% cholesterol to

induce hypercholésterolemia. Rabbits are administered compound 2(a) (3, 10, 30

mg/kg) or vehicle by oral gavégé daily for up to one month. Food intake and

rabbit weighf is measured daily for the duration of the experiment. Blood samples

to measure cholesterol, lipoproteins and triglycerides are collected through a

catheter inserted in the ear artery in the beginning and at the end of the

experiment as well as every 4 days for the durétion of the experiment. Serum
cholesterol, lipoproteins and triglycerides are measured by enzymatic assays
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. employing commermal k|ts as specified by the manufacturer (Sigma Chemical

Co) and as descnbed in Staprans |, Pan X-M, Rapp JH, Feingold KR. Oxidized

' cholesterol in the diet accelerates the development of aortic atherosclerosis in

cholesterol-fed rabbits. Arteriosclerosis, Thrombosis and Vascular Biology, 18:

977-983, 1998. At the end of the experiment, after collecting the final blood

sanﬁple, animals are,aneSthetized and the descending aorta is exposed, excised
and processed fof histological examination following fixation in formalin. Briefly,

- paraffin longitudinal or cross sections (five micron) are stained with Sudan black

(dying lipids) and counterstained with_M’asson trichrome. Morphometric

quentitative determination of the area of the intima, media and adventitia layers is

performed by image analysis. Lipid deposition in the aorta is determined by

- evaluation of the percentage .of the aorta covered by lesions visualized by fat

staining. Arterial concentratlon of cholesterol is measured after extraction of lipids

as described in Thlery J, Nebendahl K, Rapp K, Kluge R, Teupser D and Seidel

. D. Low atherosclerotic response of a strain of rabbits to diet-induced

hypercholesterolemla Artenosclerosns Thrombosis and Vascular Biology, 15:

© 1181-1188, 1995.
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